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The following are a few from among the many recommendations of the work re 

ceived by the Publishers :— | 
| New Yorn, Apri 5, 1856. 

Mr. Suaw,—Dear Sir,—Having used the new treatise on the Practice of Navigation 
at Sea, by Captain William Thoms, during ten passages across the Atlantic, I am of 
opinion that it is the most clear, simple, and practical work on the subject I have yet 
seen, containing all that is requisite to the navigator, without being encumbered with 
pages of useless matter. . 

For the learner I consider it most especially desirable, for everything necessa 
for finding a ship’s place on the Ocean is so simply and clearly explained, and illustra- 
ted by diagrams, that it must clear the mist and doubts that so often hang over him. 

I am fully of opinion that this work will, in time, be duly appreciated, und generally 
adopted by our sea-faring community. Very respectfully, 


P. E. Le Fever, Daster Steamship Ariel. 
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New York, December 26, 1855. 


Mr. KR. L. Saaw,—Dear Sir,—Captain Eldridge, of the Steamship Pacific, in con- 
versation with me, after having used Thoms’ Practical Navigation, said: “The book 
recommends itself, publish it, it is sure to go.” 


Jas. II. Browntow, Zeacher of Navigation. 


New Yorx, Apre 5, 1856. 
Mr. Snaw,—Dear Sir,—Uaving used the work on Navigation published by Captain 
William Thoms, I can cheerfully recommend it to all those interested in navigation, in 
being the most simple and easy method of calculations. Yours, 


Tuos. D. Ewan, Master of Steamship Southerner. 


Mr. R. L. Suaw,—I have used Thoms’ Navigator for several voyages, and prefer it 
to any other I have had before, and recommend it to all classes of navigators, being 
more explicit, and best adapted to the general practice of navigation at sca. 

J. Westervett, Aaster of Schooner Pearl. 

New Yor, March 12, 1856. 


‘is New Yorr, April 7, 1856. 
Mr, R. L. Suaw,—Dear Sir,—I have used Thoms’ Navigation for three voyages 
and prefer it to any others I have seen. 
| Joun Harpy, faster of Schooner D. Davidson. 


OPINION OF THE WORK, 


From Men of Hupertience. 


We, the undersigned, Captains of Ships, and others, having examinea the 
Manuscript of a new Treatise on the Practice of Navigation, and Nautical 
Astronomy, by Capt. Wm. Tuoms, are of opinion that it is the most simple 
and practical work on the subject we have yet seen, especially for the learner, 
who will be greatly assisted in obtaining a knowledge of the Science by the 
numerous Diagrams which illustrate the subject, and is particularly adapted for 
Seamen, as it treats on those subjects only which have reference to the Ship’s 
Place on the Ocean, (or Navigation proper.) Many new problems have also 
been introduced, which will be found of much practical value to many Captains 
of Ships, who may not have had an opportunity of previously becoming acquainted 
with them. | 

We are therefore of opinion, that if the work is published in its present 
style, it will be duly appreciated by our scafaring community, and would in 
time be extensively used by them throughout this large maritime country. 
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PREFACE. 


Tus work is intended exclusively for the use of seamen, and has been compiled by the author 
from an experience of more than twenty-five years, in the practice of navigating a ship at sea, in 
nearly all parts of the world. Consequently, a competent knowledge has been acquired, during 
that period, of what is actually required to be known, in order to become an expert practical 
navigator. This work is, therefore, confined to the practice at sea; that is, navigation proper, or 
that which has reference to the ship’s place on the ocean. al 

Thus knowing what is required, and also the distaste which seamen have for long and tedious 
calculations. I have endeavored to simplify the various rules and tables, and to strike out all 
annecessary matter, which is not required, and in the room of which, introduced diagrams of the 
various cases, which will convey mechanically the whole state of the case to the mind of the 
reader at once. 

The tedious and unprofitable solutions of geometry and triginometry are, therefore, abolished, 
together with the tables of the logarithms of numbers, which are never used at sea, even by those 
persons who have previously studied the subject, and who have eventually to fall back upon the 
method now used in this work. 

The sailings are therefore explained by diagrams, and worked out by inspection of the traverse 
tables only, the same as we actually do at sea, and which is correct enough for all practicay 
purposes; thus relieving the learner from the embarrassment of having several methods given 
of doing the same thing. : 

The names of the parts of the diagram are inserted against them, which makes it easier to 
comprehend the meaning of the case, and will be found an improvement upon the old system of 
marking them alphabetically for the purpose of reference. 

Every diagram in this work is drawn on the same scale, that is, with the chord of 60°, taken 
from the plane scale, (and which is in general use on board ship.) Instructions are also given how 
to construct the diagrams, so that the learner may teach himself in a mechanical manner, and 
which will give him more insight into the nature of the problem than the study of geometry and 
trigonometry will. 

In Parallel and Middle Latitude Sailings, Ainpraths of semi-hemispheres are introduced, showing 
the contraction of the meridians towards the poles, and the comparative length of the degrees of 
lougitude in the various parallels of latitude. And in Mercator’s Sailing, a diagram showi ing the 
meridians all parallel to each other, and the expansion of the degrees of latitude towards the poles. 

Current sailing is gone into at some length, and rules given as they are applied in the practice 
at sea, in this difficult branch of the study. 

Taking departures, or ascertaining the ship’s place by the bearing of the land, is introduced, 
and a table given to find the ship’s position by two bearings of the same object, having the course 
and distance sailed between them. This will be found very useful to a ship coasting along shore, 
as her distance off shore can be easily found by the use of this table; and upon the same principle 
aer listance off shore may be ascertained by projecting the accompanying diagram. 
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The time of high water is found by the usual rules, and is only an approximation. Local tide 
table only can show the time of high water with any degree of certainty. The navigator will 
naturally consult those tables in preference to any general rule, where accuracy is required. 

A short account of the prevailing winds and currents in the various parts of the world are 
introduced, chiefly derived from my own experience, and will be found interesting and useful to 
the young navigator. ) we 

The cause and effect of hurricanes are also explained in a short and familiar manner, and 
practical rules given to avoid their fatal effects, illustrated by diagrams of the storm circles in 
both North and South latitude, and which, by giving the subject a little attention, will be easily 
understood. The rules given to avoid the focus, and the general handling of a ship, on approach- 
ing the verge of the storm circle, the falling of the barometer, etc., are also derived from my own 
experienze, the facts having been recorded in the journals I have kept of many voyages, where 
they prevail. | 

The usual rules are given for the construction of a general chart on Mercator’s projection, 
illustrated by a diagram chart of part of the North Atlantic Ocean. The use of it is explained, 
and a number of questions proposed, and the answers given, so as to enable the learner by himself 
to obtain a thorough knowledge of this most important subject. 

Rules are also given to construct a coasting chart on a large scale, illustrated by a diagram, and 
the use of it explained, under all the possible circumstances in which a ship may be placed, and 
questions and answers given in like manner, which will be found of much importance to the learner, 

The manner of sounding with the lead recommended, on a ship’s. approaching the coast in thick 
weather, and the method of tracing out her track, by soundings, on the chart, when no observations 
of the heavenly bodies can be obtained, and will be found of much service to the young navigator. 

Nautical astronomy is then introduced, containing the various methods of finding the ship’s 
place on the ocean from astronomical observations, and commences with a diagram of the sola 
system, showing the real state of the case, and the motion of the earth, and of those planets only 
which are used in navigation, round the sun. 

Nautical astronomy is then defined, and diagrams of the sphere given, showing the case reversed 
and the earth is treated as a mere speck in the centre of the universe, and all the heavenly bodies 
revolving round it, the spectator being supposed to be situated at an immense distance to the 
Eastward of it. 

These diagrams will be found of great importance in giving the learner a mechanical knowledge 
of the nature of the circles and angles supposed to be drawn in the heavens, and will show at once 
the meaning of the various term$ used in nautical astronomy, and which any amount of descrip- 
tion would fail to do without them. The manner of constructing those diagrams, from the use of 
the plane scale, and the measuring of the various circles and angles, are also given, with the view 
of exercising the learner, and to impress the figure on his mind; and they are generally so 
arranged that the description is given on the page facing them. 

The projection of the heavens in two hemispheres, shows at once the nature of the right 
ascension and declination of the heavenly bodies, the sun’s path in the heavens, the signs of the 
zodiac, ete. 

And the diagram of motion round the pole will give a distinct idea of the movement of the 
hour angles of the heavenly bodies in an opposite direction to their movements in right ascension. 

As it is of much importance to seamen to be able to find the latitude from the meridian altitude 
of a star, | have introduced several diagrams, showing the nature of a meridian altitude, and how 
it may be computed, and also a new table, containing the meridian passages of those stars of the 
first magnitude which are generally used at sea, for every third day throughout the year, by which 
means a person otherwise unacquainted with the stars in the heavens may be enabled to find any 
star on the meridian without knowing it, and find his latitude thereby. - 

The planets are also found by the same method, having the time they pass the meridian from the 
Nautical Almanac. 

Diagrams showing the effect of the dip of the horizon, refraction, and parallax, which is fully 
explained on the opposite page. 
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A diagram showing the manner of cbserving altitudes of the heavenly bodies and the nature of 
the correction for semi-diameter. 

The instruments of navigation and nautical astronomy are then explained, and the manner of 
- reading off and adjusting them. 

The use of the quadrant for taking altitudes, ad the sextant for measuring angular distances 
petween the sun and the moon, or the moon and stars, are fully explained, together with a new 
method of causing the moon to measure her own distance from the sun or a star. 

The artificial horizon is explained, and a diagram showing the cause of the double reflection, 
this being a most useful instrument for rating a chronometer on shore, when the sea horizon is 
not visible. . 

The use of the chronometer is now explained, and the various practical rules given for its 
management on board ships at sea, which will be found of great service to the young navigator. 

The azimuth compass is next explained, and the manner of taking azimuths and amplitudes, as 
practiced at sea, 

Then fullow remarks on the action of the barometer and thermometer, derived from experience 
in the use of these instruments for the last twenty-five years. The action of the new or Aneroid 
Barometer is also explained. 

The sun being the most important of all the heavenly bodies on which observations are made, 
the manner of correcting his declination is first introduced, and the latitude deduced from his 
meridian altitude, illustrated by diagrams of all the various cases, which will give the learner a 
complete insight into the meaning and nature of finding the latitude, not only by the sun, but by 
the meridian altitude of any other heavenly body. 

Finding the latitude by an altitude of the sun out of the meridian, is then introduced, having 
the time from noon, or, which may be deduced from the Greenwich time by chronometer, and by 
the help ofa new table for that purpose, a correction is found, which, added to the oleae 
altitude, gives the meridian altitude. The latitude is then found in the usual manner. 

The latitude is also found by two altitudes of the sun, misnamed double altitudes, by a new 
method of using the hour angle of the lesser altitude, to which is applied the interval of time 
between the observations, corrected for the ship’s change of longitude in time, and the result is 
the inner hour angle, or the time from noon, at which the greater altitude was observed, it now 
becomes the same case as if only one altitude had been observed. This will be found a more direct 
and easier mode of solving the problem than by the old and tedious methods of double altitudes 
given in works of this kind. 

A method is also glven of finding the latitude by measuring the change of altitude of any of th 
heavenly bodies on the prime vertical in one minute of time; and this portion of altitude found 
in a table constructed for the purpose, will point out the latitude corresponding, within certain 
limits. fpr. 

The latitude by the meridian altitude of the moon is found in the usual manner, only it is much 
simplified by the introduction of a new table, containing the correction for the moon’s parallax in 
altitude, given in minutes and tenths of minutes, and taken out for the nearest degree of apparent 
altitude and the nearest minute of parallax, which is sufficiently near enough for all practical purposes, 
Because, if the Greenwich time be not accurately known, the moon’s declination cannot be found 
within ten times the amount of the difference between this table and the most rigorous method of 
finding this correction, a new table is also given to correct the moon’s declination to the Green 
. wich date. 

The method of finding the planets on the meridian; and the latitude obtained from their meridian 
altitude, also the mode of finding the stars on the meridian, further explained, with the manner of 
finding the latitude from their meridian altitudes fully explained, and which may be put in practice 
by any person, otherwise unacquainted with the stars in the heavens, by simply following the direc- 
tions given in this work. The manner of finding the latitude by the meridian altitude of the pole 
star, both above and below the pole, and the usual table for finding the latitude by that. star. 
at any, other time of the night, which has been constructed for this year, but will serve for severa! 
years hereafter. 
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A method of finding the correct latitude in the night time, when the horizon is often obscured 
and doubtful, by observing stars both North and South of the meridian, and can be practiced in 
either behisoheres will be found of great use, from its extreme simplicity, as will also the finding 
of the Jatitude by the moon, planets, or stars out of the meridian. or instance, if the latitude 
is required to be known at twilight, (which is the best time for taking altitudes of the stars, the 
horizon being then distinctly visible,) it may happen that there are no stars on the meridian at 
that time. Now, if an altitude of a star, which is nearest to the meridian, be observed, and the 
apparent time of the observation noted, (as in the case of the sun,) the apparent time at ship may 
be deduced from the Greenwich time by chronometer, it is easy to find the star’s distance from 
the meridian, (which with the sun is the time from noon,) and is used in the tables in the same 

manner, by which means we obtain a correction to be added to the observed altitude of the star. 
Thence the meridian altitude is obtained and the latitude is found as correctly as if the meridian 
altitude had been actually observed. 

The finding the variation of the compass at sea by amplitudes and azimuths, is now introduced, 
illustrated by diagrams showing the real state of the case, and also why the variation is called 
easterly and westerly. 

Then follows a diagram showing the effect of local attraction on a ship’s compass, the manner 
of detecting the same, and the best means of remedying the erro), and remarks on fixing up a 
standard compass. 

Diagrams showing the nature of hour angles, and the terms used in the computation, clearly ’ 
explained, and the apparent time at ship found from a set of altitudes of the sun, the corresponding 
time being noted by a watch or chronometer, as is usually done at sea. The time tables used in 
this work are simply the co-secants for degrees and minutes of the polar distance, the secants for 
the latitude, the co-sines of the half sum, and the sines of the difference or remainder. 

‘The apparent time from the preceding noon or midnight, in the case of the sun,’or the hour 
ponies of the other bodies, may be taken out at once from these tables. 

‘he logarithms in these tables are also used for other purposes in this work. The old standard 
tables of Jogarithms, sines, tangents, secants,,.etc., are not required. 

Finding the time at sunrise and sunset is illustrated by diagrams showing the nature of the 
case, and the degree of dependence to be placed thereon. 

The method of finding the apparent time at noon fro om equal altitudes of the sun, is also intro. 
duced, and is valuable from its extreme simplicity. 

The finding the time on shore by the use of the artificial horizon. 

The mode of finding the time at sea by an altitude of the moon, planets, and stars, and also 
the manner of finding any particular planet or star in the heavens at any given time, when above 
the horizon; in like manner, the name of any star of the first magnitude, or planet, whose altitude 
has been observed, may be known. 

After thus having given all the various modes of finding the time at ship, the longitude by 
chronometer is then gone into, and every possible case is taken notice of and exemplified, first 
by the sun, in which the cases are all worked out in full, and every necessary correction fully 
explained, to which are added the practical rules as they are worked out at sea. A new table is 
here added, to correct the .Jongitude by chronometer, when the latitude used in computing the 
time at ship is proved to have been in error; thus saving the time and trouble of working i 
over again. 

The longitude by chronometer is found at sun rising and setting, and also from equal altitudes 
at noon, and from the altitudes of the moon, planets, and stars. The mode is also given of com- 
bining observations of two different bodies, with the view of finding both me es and longitude 
by chronometer, at the same instant of time. 

Sumner’s method is now introduced, explained and exemplified, according to the mode I have 
been in the habit of using myself at sea, and illustrated by a diagram, showing its great utility 
and use to the navigator, when the ship is approaching land or a danger. 

The method of rating chronometers at sea, from time to time during the voyage, when in sight 
of land, is fully explained and exemplified, and also when in port, either by the sea or by an 
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artificial horizon. This is worthy the attention of navigators who carry chronometers, from the 
fact that chronometers generally alter their rate after being received on board, and acquire what 
is termed a sea rate, and which is easily ascertained by the above method. 

In treating of lunar observations, diagrams have been introduced, showing the nature of the 
corrections required in clearing the lunar distance, and a case projected exhibiting the relative 
positions of the two bodies in the heavens, and the hour angle of one of them used in finding the 
time at ship. | 

The various methods of observing and writing down this observation is given as practiced at 
sea, and distances exemplified in all the various cases, between the sun and moon, and between 
the moon and planets and stars. 

In clearing the lunar distance, one method only has been adopted, which is that by Lyons, and 
1s nearly the same as that given in Thompson’s Tables, and which | have found from experience to 
be the most simple and easiest understood of any mode now in use, and is correct enough in 
practice. 

Much precision in clearing the lunar distance is not aimed at in this work, therefore many 
tedious corrections are omitted, which only tend to embarrass the navigator, and which are seldom 
applied in practice, and from the nature of errors in observing the distance eel they do not 
seem to be required. 

The lunar observation in this work is therefore considered only as a means of detecting any 
very gross error in the longitude by chronometer, during a long voyage. 

A method is here also given of finding the longitude by a lunar observation on shore, one 
altitude being observed in the artificial horizon, and the other computed. 

I have also introduced a new method of my own, which I have often used at sea, which is that 
of finding the longitude by measuring the moon's declination, illustrated by diagrams of the 
meridian altitudes of the moon and a star. ‘The principle of this method is simply to observe the 
distance between the bodies on the meridian. Then the star’s declination being known, (taken 
from the almanac or table,) furnishes the moon’s declination. Or, the meridian altitudes of the 
bodies being observed, (though not necessarily on the meridian together,) the star’s declination 
applied to the difference of the altitudes, gives the moon’s declination. Now, where this declina- 
tion so measured is found in the nautical almanac, will give the Greenwich time. Then the dif. 
ference between this time and the mean time of the moon’s passing the meridian of the ship, is 
the longitude in time, ete. 

The method of working days works and keeping the ship’s reckoning at sea, adapted to the 
present age, is thoroughly explained and exemplified, and the various rules given in the first part 
of this work are now applied, as are also those in nautical astronomy, to find her position from 
celestial observations. 

The method of navigating a ship is now introduced, showing the mode of applying all the details 
which have been previously gone through, and many useful suggestions given, which have been 
derived from my own experience of a sea life, and will be found of service to the young navigator 
in times of peril and danger. 

Amongst which the rules given for avoiding a collision on ships meeting each other at sea, will 
be found of great importance, and should be thoroughly understood by every seaman. I have, 
therefore, put them into a practical shape. These rules are recognized by courts of law in 
deciding-cases of collision. 

The method of keeping a log-book is explained, and various remarks made thereon, exemplified 

y a harbor log, the manner of keeping the log at sea by civil time, and also in the usual mode 
by sea time. ‘The whole is then wound up by the journal of a voyage in a clipper ship, in which 
every circumstance is noted in the log-book, as it would actually be done at sea, and showing the 
care and circumspection necessarily required in navigating a fast-sailing vessel, from the fact that 
an error in the course of such a vessel will produce an error in the dead reckoning, in one day’s 
‘run, of from two to three times the amount greater than what the same error in the course of 4 
slow-sailing vessel would produce. 

Many new tables have been introduced into this work, with the view of shortening the compp 
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tations, and they are so arranged as to be easily referred to in practice, the one following the other 
as they are required to be used at sea. 

The tables usually given in works of this kind are rejected, except those only which have a 
direct bearing upon the practice of navigation at sea. 

The tables containing the times of high water at full and change, the variation of the compass in 
nearly all parts of the world, deduced from actual observation at sea, and the very important one 
of the position of places, which is taken from the best English authorities on those subjects, in which 
the principal headlands, ports and islands only are given, with the view of enabling the navigator 
to verify his chronometer on sighting the land at any time during the voyage, or rating it while 
in port, the position of shoals, ete., are not given, the navigator will naturally look for 
information on this subject from his chart, which will furnish the most proper and correct 
delineation of their extent and position, which cannot be obtained from a table. 

From the foregoing prefatory remarks, it will be perceived that no very great amount of 
mathematical knowledge is required, beyond the common rules of arithmetic, to become a good 
practical navigator. 

Practical navigation does not, therefore, consist of a tedious set of calculations, with a view of 
ebtaining a very nice precision at’ any given time, but in the fact with which the navigator can 
single out and employ the heavenly bodies, in finding his ship’s position therefrom, ee by day 
or by night, and by increasing the number of observations, serve as a check upon each other, and 
thus verify her position in short intervals of time, in the shortest and simplest manner possiole, 
having a due regard at the same time to its general correctness; and which has been the aim 
of this work to accomplish. 

Maving been engaged for some years in the instruction of seamen in navigation, I find that the 
chief difficulty lies in the fact that the generality of them cannot spare time sufficient on shore for the 
purpose of studying, and that they are obliged to pick up scraps of it here and there, as they best 

can, from whatever book falls in their way ; and not being able to discriminate between what is 
really useful in practice or otherwise, many of them form very erroneous ideas, in their laudable 
attempt at self-instruction. . 

Therefore the chief inducement I had in writing this work, was to place it within their reach, 
divested of everything but what has a direct bearing on the practice at sea, whereby they might 
instruct themselves with greater ease than formerly, as it will lead them step by step from the 
‘owest up to the highest branches of the science, and it embraces everything that is required to 
form a good practical navigator, 

IJere [| may remark, that the entire work te been computed and written by myself, from the 
observations and memoranda contained in the journals of many voyages I have made to nearly 
all parts of the world, the examples having been reduced to the present year of 1854, for the sake 
of inifurmity ; and to accommodate those persons who may not have an almanac for that year at 
hand, | have added a table of extracts from the Nautical Almanac, containing the data for working 
the examples, 

Seamen will please to bear in mind that the work has Bech written by one of themselves, and 
with a sincere desire for their improvement and instruction, and should it meet with their approval, 
{equal to the amount of labor bestowed on it,) would leave nothing more to be desired. 

And, without meaning any disrespect to the generality of navigators, I may add, that from my 
own experience | know that there are mdny who are very deficient, not from the want of the 
capacity of becoming so, but from the want of the proper means of instruction, and which would 
seem to verify the words of the ancient sage, on being interrogated by the youth. “ My son,” 

s2id he, “ when you come to the years of manhood, you will be astonished to jind how little wisdom 
is use] in the governing of the world.” “ 

| cannot close the preface to a work of such immense labor, without soliciting the indulgence 
of the reader to any errors or insecuracies which may have unavoidably crept in, notwithstanding 
the extreme care | have taken in revising the work over several times, both before and after cora- 


mitting it to the press, I, however flatter myself that few will be found to.ex:st of. mucb 
importance. WILLIAM THOMS. 
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- * NOTICE TO THE THIRD EDITION. — 


Tus edition has been further revised and corrected ; and a new and complete set of Tables, 
for finding the Time at Ship (and thencé the Longitude by Chronometer), have been added. 
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NOTICE TO THE SECOND EDITION. 


-. This..work has been revised and corrected, and an addition made of a. separate Hzrlane 
tion of the Tables, and it is hoped that no error of importance will now be found to exist, 
It may be necessary here to say, that the author, in writing this work, did not consider a separate 
Explanation of the Tables requisite, as he had been particular in explaining them in different 
parts of the work when tney were used. But as some navigators have recommended it, the fol- 
lowing has been added, which will be found useful, as by glancing over them you can rapidly see, 
what the book contains, where the ‘ables can be found, how and where they are used. 


EXPLANATION AND USE OF THE TABLES. 


¢ 
Noté,—The number of the page, which is placed on the same line with the number of the 
table, refers to the second part of this work, where the table will be found, and the numbers of 
pages in the margzn refer to the first part of this work, where the table is used and explained. 


TABLES I. AND II.—Pagzg 1 ro 61. 
Difference of Latitude and Departure. 


These tables are of very extensive use in Navigation, affording an easy and expeditious method 
of solving problems in right-angled plane trigonometry, and consequently applicable to every 
variety of sailing. ‘Table I. contains the difference of latitude and departure (in whole numbers 
and tenths) answering to distances not exceeding 300, and for courses to every point Pia 

i aioe age 9 

of the compass, Table II. is of the same nature and extent, but for courses consisting to 17 
of whole degrees. The courses are set down at the top of the pages when they do °° °"* 
not exceed 4 points or 45 degrees, and at the bottom when they are greater than these quantities ; 
and it must be observed that when the course is taken from the ‘op of the page, the dif of Lat, ~ 
and Dep. must be taken from the top also, but when the course is taken from the bottom the diff. 
of Lat. and Dip. must be taken from the bottom. Hence, when these tables are 


applied in Parallel or Middle Latitude sailing the co. lat. or co. mid. lat. is taken as a nse 18 
course, the departure or meridional distance is found in the Dep. coimmn, and the dif. °° “* 
ference of longitude in the Dist. column. In Mercator’s sailing, the meridional dif- Page 2% 
ference of latitude is taken out in the Lat. column, and difference of longitude in the ee 


Dep. column, When any of the given parts (excepting the courses,) exceed the limits 
of the ‘table, any aliquot part, as a half, third, fourth, &., is to be taken; and those found: cor 
responding are to be multiplied by the same figure that the given number is divided by. 


TABLE III.—Pace 62 to 67. 
; Meridional Paris. 


- This table is used in resolving problems by Mercator’s sailing, and in constructing Bact 25 
charts on Mercator’s projection. The meridional ‘parts are to be taken out for the : 


degrees answering to the given latitude, at the top or bottom, and for the minutes at Ae ae 
either side column. | Wit 
1* TABLE IV.—Page 68. 
Mean Refraction 
This table contains the mean refraction of the heavenly bodies, in minutes and 
. Page 67 
seconds, at a mean state of the atmosphere, and corresponding to their observed alti- and 86 


tudes, This correction is always to be substracted from the observed altitude of the . 
ubject.. tbs | 


- 


atv EXPLANATION AND USE OF THE TABLES. 
*2 TABLE V.—Paas 69. 
Dip of the Horizon. 


Page 67 The corrections taken out from this table, answering to the height of the eye, above 
55a 86 the sea in feet, are to be subtracted, from an altitude taken by a fore observation, or 
_" . -added to those taken by a back one. | 


*3 TABLE VI.—Paas 69. 
" Sun's Parallax in Altitude. 


Page 67 This correction is to be taken out opposite the Sun’s altitude, and is always ad- 
and 86. ditive to it. . 


* Note—The joint effect of the corrections taken from these three tables, together with the Sun's semi-diamoter, 
san be taken at once from Table IX. when the altitude of the Sun’s lower limb is taken by a fore observation. 


TABLE VII.—Pacez 69. 


. Moon's Augmentation. 

Page 101 The Moon’s apparent horizontal semi-diameter, as given in the Nautical Almanacs, 
age “*** is to be increased by a number of seconds, called the augmentation, taken out from 

this table, answering nearest to her altitude. Mote.—In practice this is seldom used, except in 

working a Lunar. See page 165. 


TABLE VIIIi.—Pace 69. | 
Dip at Different Distances. 


P 90 When that part of the horizon immediately under the Sun is obstructed by land, 
age" the dip is to be taken from this table, (with the height of the eye at the top, and the 
estimated distance from the land in miles in the side column) instead of Table V. 


TABLE IX.—Pace 70. 
To Correct the Observed Altitude of the Sun's Lower Limb. - 


Page 86 This table is intended to simplify the wswal method of eorrecting the observed altitude 

‘ of the Sun’s lower limb, when taken by a fore observation, by showing the correo- 
tion at once for the joint effect of the Sun’s semi-diameter, dip of the horizon, refraction, and 
parallax. ‘These corrections being computed to minutes and tenths, the tenths may easily bo 
reduced to seconds by multiplying them by six. In this table the Sun’s semi-diameter is assumed 
at 16 minutes, and its variation from that quantity in each month of the year, given at the 
bottom of the table, is to be applied to the corrections found in the table according to the sign 
+ or — prefixed it. 


TABLE X.—Paag 71 axp 72, 
Sun’s Declination, 
The Sun’s declination is given in. this table in degrees and minutes for the years 1854—55- 


56-57, at noon on each day of the year under the meridian of Greenwich; but will answer for 
several subsequent years, by applying the corrections from. Table XII. 


. TABLE XI.—Paag 73. 
To Correct the Sun's Declination for Longitude and for Time. 


Pace 84 As the Sun’s declination in table X. is adapted to the meridian of Greenwich at 
and 85 noon, when the ship is to the eastward or westward of that meridian, ¢¢ should be 

: corrected by this table; also when é is required for any other time than noon, it can 
pe corrected by this table, and applied as directed below the table. Mote.—Rules fur correcting 
the declination (taken from the Nautical Almanac) to Greenwich time, at page 124 . 


EXPLANATION AND USE OF THE TABLES. av 
TABLE XII.—Pagae 73. 


Correction of the Sun’s Declinatiin every 4 years. 


This table is intended to correct the Sun’s declination given in Table X., for the change that 
takes place in periods of four years. See note below the table. 


TABLE XIlI.—Page 74. 
Sun’s Right Ascension. 


The Sun’s mean right ascension contained in this table, is to be taken out with the Page 62, 
month at the top, and the day inthe side column. When great accuracy is necessary, es 
it must be taken from Nautical Almanac. | : iu 


TABLE XIV.—Pace 74. 
Equation of Time and Table of Corrections. 


The Equation of time for apparent noon at. Greenwich, is given in this table for the years 
1854-55-56 and ’57, and which will answer nearly for sixteen years. A table adjoin- Page 124 
ing is given for correcting the Equation of time for Longitude and for time. This table I i 
is entered with the datly change of the variation at the top, and the Longitude at the left side, (or 
if for time, at the right side) and the angle of meeting points out the correction in sec. and tenths 
of sec. to be applied as directed at the:bottom of the table. Mote—Rule for correcting the 
Equation of time from the Nautical Almanac is given at page 124. 


’ TABLE XV.—Pace 75 ro 80. 
For Finding the Latitude out of the Meridian, 
This table was first calculated and published by the author in a separate form, (call- 


ed Thom’s Tables) but on writing this work was introduced in it; it is divided into 
five parts, and explained at Page 93. 


Page 93. 


TABLE XVIJ.—Pacx 81 to 83. 
Apparent Time of Sun’s Rising and Setting. 


This table is entered with the declination at the top and the latitude at the side, and the angle 
# meeting will point out the time of rising and setting from the top when the Latitude and de- 
clination are of the same name, or from the bottom when they are of contrary names. 


To Find the Time of Rising and Setting of any other Celestial Object. 


This table also exhibits half the time that an object continues above the horizon in Moon’s 
the column of Seét,, and half the time that. it continues below in the column of Ris., df. P., 
from the top of the page, when the latitude and declination of the object are of the Pagel0l. 
same name, and from the bottom when they are of contrary names, Therefore, to Stur’s 
find the time of the olject’s rising, subtract half the time that it continues above the Jf. P., 
horizon, from the time of its passing the meridian, and to find the time of setting Page 106. 
add half the time that it continues above the horizon to the time of its passing the Planeé’s 
meridian. Note.—The rule for computing the meridian passage of the Stars is given M. P. 
at page 111. Table XVIII. also gives the Mn. Passages of the Stars Page 85 to 90. Page 115. 


TABLE XVII.—Pace 84. 


Altitudes by which the Apparent Time may be found with the greatest accuracy. 


When the latitude and declination of an object are of the same name, by entering this table 
with the declination at top or bottom, and the latitude at the side, the angle of meeting 

3 . : PRL é : ‘ age 123, 
points out the altitude of the object nearly, when it is in the prime vertical, or at its 
nearest approach thereto, and which is the best altitude for ascertaining the apparent time. When 
the latitude and declination of an object are of contrary names the object is nearest the prime 
vertical, when in the horizon, but an altitude less than 6° or 7° should not.be used on account otf 
the uncertainty of refraction at low altitudes. | 


© EXPLANATION AND USE OF THE TABLES. 
TABLE XVIII.—Paae 85 to 90. 
For finding the Apparent ‘Time of 24 Princtpal Stars passing the Meridian throughout the 
Page 106. year, .. ° | 
soit me flyik ' PABLE XIX.—Pacex 91. | 
Page 106. Right Ascension and Declination of 24 Principal Stars. 
TABLE XX.—Paex 91. 
For Correcting the Observed Altitude of a Star or Planet. 

weit .. This table contains the corrections in minutes and tenths to be subtracted from tho 

Page 108. 


observed altitude of a Star or Planet to find its true altitude, being the joint effect of 
refraction and dip of the horizon. 


TABLE XXI.—Pacer 92. 
Lo find the Latitude by an Altitude of the Polar Star. 
Pag 109 This table is explained on its own page, and on the right hand column is the varia- 
eer tion of the correction in 10 years, which is to be substracted from the correction for 
it On that period of time. 
TABLE XXII.—Pacez 93. 


For Correcting the Time of the Moon’s M. Passage at Greenwich to the time of her passing over 
any other Meridian. » 


This table is entered with the daily variation of Moon’s M. Passage to the nearest Beuei01 
minute at the top, and the longitude of the place in the left side column, and the angle I ‘ 
of meeting points out the minutes to be added to the time of Moon’s passing the Meridian of 
Greenwich in west longitude or subtracted in east. The sum or remainder will be the time of 
her passing the Meridian of the place. 

TABLE XXII—Pacz 94. 
For Reducing the Moon's Declination to the Greenwich Time of the Observation. 


“ This table is only used with an Almanac that has the Moon’s Declination given for 
Page 102. aye 
every noon and midnight. 


TABLE XXIV.—Paez 95.. 
To Correct the Moon's Semi-diameter and Horizontal Parallaz. 
Page 101. This table is explained at Page 95, below the table. 
3 TABLE XXV.—Pace 96. 
Page 102, To Correct the Moon’s Apparent Altitude. 
ehiaoe st io ABER SOR Vy, Page Of, } 
To Turn Time into Degrees or Degrese into Time. 
Page 140, ave sata is entered with degrees one column, and opposite the time correspond 
TABLE XXVII.—Pacz 98 ro 106. 
Logarithms of the Latitude and Polar Distances. 
Page 123. This table contains Logs. of latitude and polar distance for finding the time, and 
thence the longitude by chronometer. The latitude in degrees is taken from the top and 


miles from left hand side, the polar distance in degrees is taken from the bottom and miles from 
right hand side, except when the polar distance is above 90°, it is then taken from the top, 


EXPLANATION AND USE OF THE TABLES: 
TABLE XXVIIL—Paex 107, 115. 
Logarithms of the Half Sum and Difference. 
This table contains the Logs. of the half sum and difference for findipg the tania, 


and thence the longitude by chronometer. The half sum is ta:en from the top and 
difference from bottom. 


TABLE XXIX.—Paesxz 116 to 124. 
Logarithms of Apparent Time or Hour Angle. 
For explanation, see note at bottom of page 125, first part of this work. 


TABLE XXX.—Pacer 125. 


Page 123. 


Paye 123, 


for Correcting the Longitude hy Chronometer for the effect of an error in the Latitude used wn 


finding Tvme. 


This table saves the trouble of working the sights over again at noon, when you 
find you have used a wrong latitude in finding the time at sea in the morning. 


TABLE XXXI—Paar 126 ro 137. 


Logarithms of the Apparent Lunar Distance. 


This table contains the Logs. sines and Logs. tangent of the apparent lunar distances. ' 


TABLE XXXII.—Pacr 138 ro 152. 


Logarithms of the First and Second Corrections. 


distance. 
TABLE XXXIII.—Paagz 154 to 205. 
Logarithms of the Third Correction, 


This table contains the third correction to be added to the first and second correo- 
tions and apparent Lunar distance to find the true distance. 


TABLE XXXIV.—Pagg 206 ro 220. 
| Proportional Logarithms, 
This table is explained at bottom of page 133, first part of this work. ; 
| TABLE XXXV.—Pacx 221, 222. 


e 


Amplitudes. 


This table is intended to expedite the method of finding the variation of the compass. 


TABLE XXXVI.—Pace 223 ro 225. 


Eztracts from the Nautical Almanac. 


This table contains the first and second corrections to be applied to the apparent 


Page 144 


and 145, 
Page 165, 


Page 165, 


Page 133. 


This table contains extracts from the Nautical Almanac for the year 1854, for the purpose of 


working out the examples given in this work, 
TABLE XXXVII_—Pagx 226 anv 227. 


Variation of the Compass. 


= 


This table contains the approximate variation of the compass, and is to be entered with the 


svi EXPLANATION AND. USE: OF THE TABLES, 

longitude at top of page 226 when west, or 227 when east, and the latitude at the 
feeany side, and the angle of meeting points out the degrees of variation and is marked east 
or west. The longitude is given for every 10 degrees, and the latitude for every 2 degrees. If 
the variation be required for any intermediate position, it may be found by taking |the mean be- 
tween the two or four variations which are given for places on each side of the required position. 

TABLE XXXVIII.—Page 228 to 230. 
Times of High Water at the principal Ports. 

This table contains the times of high water at the full and change of the moon. It is alphabeti- 
eally arranged, and entered accordingly ; when opposite the name of the place, will be found the 
time of high water. 

TABLE XXXIX.—Pagg 231 to 243. 
Position of Places. 


This table contains the Latitudes and Longitudes of the most prominent places in the world; the 
manner of finding any required place, supposing its situation nearly known—needs no explanation 


TABLE XL.—Page 244 ro rHe END. 
Positions of Places. 


In this Table the Latitudes and Longitudes of Places has been extended, and some places ot 
importance (omitted in Table XX XIX) have been inserted. 


TABLE AT. PAGE 18—Fiesr Parr or trois Worx: 


Shows the number of minutes and seconds contained in each degree, or 60 miles 
of longtiude, for every degree of latitude, 


re uge 18. 
TABLE AT PAGE 32—Fimer Parr or tas Worx. 
Page 32. For finding the distance of an object by two bearings and the distance sailed between them. 
This table is particularly useful] to coasters, 


TABLE AT PAGE 37—Firsr Parr or trois Work. 


This table is used for finding the time of high water at any place by correctiny for 


eta the moon’s horizontal parallax. 
TABLE AT PAGE 100—Firsr Parr or tas Worx. 
To find the Latitude from Sun’s change of Altitude. 
Page 100. This table contains the Sun’s change of altitude in one minute of time for every 
egree of latitude when on the Prime Vertical. 


» | TABLE AT PAGE 153—Seconp Parr or trois Worx. 


This table contains the Sun’s change of altitude in one minute of time for every degree of lati- 
tude when nof on the Prime Vertical. 
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310d HLYON 


PRACTICAL NAVIGATION. 


INTRODUCTION. 


Navieartion. is the art of conducting a ship from one port to another, through the wide and 
trackless ocean, with the greatest safety, in the shortest time possible, and to find her position on 
the globe at any given time. 

To be able to do this, the mariner is required to have a knowledge of certain imaginary circles, 
supposed to be drawn on the surface of the earth, together with the most practical and easy 
method of finding a ship’s position thereon, from the course steered by the compass, and her 
distance sailed, and also the course and distance to her intended port. This constitutes what is 
called Navigating by Dead Reckoning; but as it is liable to be greatly in error, even in short dis- 
tances run, from many causes (which will be explained in this work), it cannot therefore safely be 
depended on. , 

Consequently, the mariner must have some other resource to apply to, with the view of ascer- 
taining his ship’s true position. This can only be derived from the observations of the heavenly 
bodies; but to do this, he is required to have a knowledge of certain imaginary circles supposed 
to be drawn in the heavens, corresponding to those already supposed to be drawn on the earth’s 
surface; by which means he obtains the positions of the heavenly bodies themselves, in the same 
manner as the position of the ship is indicated by the circles on the earth; and it will be the object 
of this work to instruct him how to find his ship’s position, from the observations of any of the 
heavenly bodies which may be visible, either by day or by night, and avoiding all the tedious 
details and intricate calculations which are not necessary, thereby saving much valuable time and 
Isbor ; the results, by this method, having been found from actual experience to be sufficiently 
accurate for all practical purposes. : 

In this work the mariner will therefore not be required to go through a tedious training in 
decimal and logarithmical arithmetic, nor is it required that he should have a previous knowledge 
of either geometry or trigonometry, which are usually given in works of this kind; all the matter 
which treats on those subjects is therefore discarded, except such part of it as has a direct bearing 
on the practice of navigation at sea. 

All that is then required of him is to have a previous knowledge of the common rules of arith- 
metic; that is, addition, subtraction, multiplication, division, the rule of three, and the practice 
of aliquot parts; or that amount of education only which would be required to fit a person to ful- 
fil the ordinary business of life. 

In the room of the above-mentioned discarded matter, Diagrams or figures of the subject under 
consideration will be introduced in their proper places, and the explanation of each Diagram facing 
it on the’same or opposite pages, thereby enabling the learner to comprehend mechanically the 
whole case at one view. 
~ ‘The construction and use of both General and Coasting Charts, with the manner of taking Sound- 
ings on the Coast, the prevailing Winds and Currents in different parts of the world, and Storms 
and Hurricanes, will all be explained, and practical rules given to avoid the latter, derived from 
actual experience. The Instruments of Navigation will also be explained, and the manner of 
adjusting, correcting, and using them at sea. 

In treating of Nautical Astronomy, the subject will be illustrated by Diagrams, and the cases 
proved by projection only, in the room of going into the tedious solutions of Spherical Trigonom- 
etry, except in those cases where a Rule is required; and much new matter on this subject will 
be introduced, in connection with the use of the Chronometer. Many new Tables will also be 
introduced, with a view of shortening the labor in the computations. 

Although this work is intended to treat only on those subjects which have reference to the place 
of the Ship on the Ocean, nevertheless much useful matter will be found which wiil be interesting 
to the young officer, in regard of Navigating the Ship. The who-e being original matter, which 
the author of this work has derived from a personal experience of more than a quarter of a cen- 
tury, in Navigating Ships to nearly all parts of the world. The work will be closed with the 
methods of Keeping a Log-Book, exemplified by a Journal of a Voyage, with remarks on the 
same, as would actually be done at sea. 


2 GEOGRAPHY. 


DIAGRAM OF THE EARTH, 


Showing tts inclination to the Plane of its Orbit of 23° 28', and the imaginary Circles drawn on is surfac 


DESCRIPTION AND DIMENSIONS OF THE EARTH. 


The Polar Diameter is 7899, and the Equatorial Diameter 7926 miles; the latter being the greatest, is 
eaused by the revolution of the Earth on its axis, and as the greater portion of the surface is covered with 
water, it recedes from the poles towards the Equator, until its tendency to run back towards tho poles just 
balances the effects of the centrifugal force. This causes the Equatorial Diameter to be about 27 miles greater 
than the Polar Diameter. If the Earth should stop revolving on its axis, the water at the Equator would 
settle away towards the Poles until it assumed the form of a Globe. as near as possible. Thus, large por- 
tions of land in the Torrid Zone which are now covered by the ocean would be left dry, and new conté- 
nents and islands formed. 

The Polar Axis is not perpendicular, but inclines to the plane of its orbit at an angle of 23° 28", and por- 
forms its revolution round the sun in one year, or 365 days 6 hours, or at the rate of 68,000 miles an hour ; 
at the same time it performs its daily revolution round its axis at the rate of 15° to the hour—equal to 90¢ 
miles, or 15 miles in 1 minute of time. 

Latitude is measured in Degrees, Minutes, and Seconds from the Equator towards the Poles, from which 
it is 90° distant ; each Degree contains 60 Minutes, and each Minute contains 60 Seconds. 1 Minute or 
Nenetl Mile contains 6082 feet, or 1013 fathoms, and therefore a Second is about 101 feot, or 17 fathoms 
nearly. 

The Circumference of the Earth at the Equator is 360 Degrees of the same length as the Degrees of Lati- 
tude ; consequently, Degrees of Latitude and Longitude are the same length on the Equator. But on sail- 
ing North or South from the Equator, the Meridians contract, and the. Degrees*ef Longitude beeome less, 
‘py mae contain or are divided into 60 minutes,) until they finally meet at the Poles, where there is no 

ongitude, 


. The Earth revolves from West to East, which is the cause of all the heavenly bodies appearing to rise 
in the East and set in the West. 


DEFINITIONS OF GEOGRAPHY. 3. 


GEOGRAPHY; 


AS APPLIED TO THE PRACTICE OF. 


DEFINITIONS. 


NAVIGATION AT SEA. 


Practicat Navication relates to two methods, independent of each other—the first is that usually called 
ead Reckoning, and the other by Astronomical Observations ; but in practice they are generally carried 


on together, as a check upon each other. 


The first ‘of these methods requires a knowledge of the i imaginary lines and Circles on the surface of the 
Globe, or Earth, which we inhabit, and which turns round once in every 24 hours; the line round which it 
revolves, and which is the shortest diameter, is called the Polar Axis, and drawn between the North and 


South Poles. 


90° from the Poles is the great Circle, called the Equator, passing round the earth and dividing it into 


two equal parts, or Hemispheres. 


At all places on this circle the sun rises and sets at 6 o’clock all the year 


round, and the days and nights are equal, being divided into 12 hours each. 

A Meridian i is a circle passing through both poles, and cutting the Equator at right angles. Places situ- 
ated on this Circle are said to be on the same meridian North or South of each other. 

Latitude is the distance from the Equator, measured in Degrees and Minutes, on a meridian towards the 


North or South Poles, and named accordingly. 


The Co-latitude is ‘the difference between a given. Latitude and 90°, or the Pole. 


Parallels of Latitude are Circles parallel to “the Equator, running East and West. 


are said to lie on the same parallel of latitude. 


Places on this circle 


The Difference of "Latitude of two places is the portion of the meridian included between their parallels. 
The Difference of Latitude of a Ship is therefore the distance she makes good in a North or South direc- 


ion. 


It is evident that when two places are on the same side of the Equator, their difference of Latitude is 
found by subtracting the lesser latitude from the greater, and that when they are on opposite sides of the 
Equator, that is, when one place is in North Latitude, and the other in South Latitude, the sum of their 


Latitudes is the difference of Latitude. 


EXAMPLE 1. 


Find the difference of Latitude between New York 
and Charleston, S. C. 


New York, Latitude.....40° 43’ N. 

narlestoi. sae ees 32 46 N. 

Difference of Latitude... 7° 57’. 
EXAMPLE 2. 


Find the difference of Latitude between Cape Henry 
and Cape St. Roque. 
Cape Henry, Latitude... 36° 56’ N. 
Cape St. Roque.. “ ....5 28 8. 
Difference of Latitude. roy 24’. 


EXAMPLE 38. 


A ship sails from Latitude 50° 19’ N. to 48° 12’ N. 
find her difference of Latitude. 


Latitude Yefts.......6..< 50° 19’ N. 
TMP WD ehse ae ca eee -.48 12 N. 


Difference of Latitude....2° 7‘ = 127 milea 


EXAMPLE 4. 
A ship sails from Latitude 1° 11' N. te 0° 13' S, find 
her difference of Latitude. 


Latitude left....... : i 
Latitudein |. 6.65 26233 0 13 8S. 


Difference of Latitude 1° 24° or 84 miles 


Nore.—When a Ship ‘in north latitude sails North, she evidently increases her latitude, and so likewise when in-south 
latitude she sails South, because in these cases she increases her distance from the Equator, at which the latitude 


begins. 


But if in north latitude she sails South, or in south latitude she sails North, she diminishes her latitude ; 


henoe, when 


ane latitude and the difference of latitude are given the ether .atitude is easily: found. 


EXAMPLE 1. 


A Ship from 43° 30’ S. sails 219 miles South, required 
her latitude in. 


Latitude. left. ‘i 325 <mattiierena ais »-48° 30° 8. 

Diff. of Lat. 219 divided by 60—. 3 39 S: 

Latitude i IM; . «0 < detbaleeeeee are 
EXAMPLE 2, 


A Ship from latitude 43°11' N. makes 194 miles 
south=: 2, required her latitude in. 


Ate LOT... ss. cae hele ee ee {3° 119, 
“Difference of Latitude ....194 = 3 14 8. 
Uatitude in %9° S7'N 


EXAMPLE 3. 


A Ship from Latitude 1° 3’ N. sails 123 ae South, 
required her latitude in. . 
Tafitude left... .ii3c0. «deeds 1° 3' N. 
Difference of Latitude 123 == 2 3 8. 


Latitude in....... SHEDS 2 She 1° 0°. S. 


Norz.—The Ship being in 1° 8’, or 63 milea N. of tho 
Equator, must evidently be in South Latitude after. making 
123 miles southing. 

Thus, in subtracting one of the quantities from tno otner, 
the difference takes the name of the greater. 


- 


4 | GEOGRAPHY. 


Longitude is the distance measured on the Equator, between the Meridian of a given place and another, 
ealled the first meridian. The choice of a first meridian is arbitrary. The Americans, English, and other 
nations adopt Greenwich Observatory in England as the first Meridian. 

The Longitude of a place is named East or West, according as it is East or West of Greenwich, as far as 
180°, and which is the opposite meridian to Greenwich, or one-half of the circumference of the Earth. A 
Ship sailing East beyond 180° East Longitude, would then be in West Longitude, and sailing West beyond 
180° West Longitude, would then be in East Longitude. 

Longitude is measured either in Degrees, Minutes, and Seconds, or in Time, that is, in Hours, Minutes, 
and Seconds, each hour being equal to 15°; for the Sun, which regulates the time, returns to the same 
meridian again after describing a complete circle, or 360°, in 24 hours, and 15° multiplied by 24, makes 
360°. 

The Difference of Longitude of two places is the portion of the Equator included between their meridians. 
To measure, therefore, the difference of Longitude between two places, we must follow down their meridians 
to the Equator, and then take the included portion of the Equator itself. 

The Degrees of Latitude and Longitude are of the same length on the Equator; but as the meridians 
contract and meet at the Poles, the greater the Latitude the Degrees of Longitude become less ; that is, the 
space contained in a Degree of Longitude becomes less as the Latitude increases, until at the Poles the 
Longitude ceases altogether. 

When two places are on the same side of the first meridian, their difference of Longitude is found by 
subtracting the lesser from the greater. 

When two places are on opposite sides of the first meridian, that is, when one place is in East Longitude 
and the other in West Longitude, the sum of their Longitudes is the difference of Longitude. 

When one Longitude is East and the other West, and. their sum exceeds 180°, subtract from 360° will 


give their difference of Longitude. 
» 


EXAMPLE 1. EXAMPLE 6. 
’ Find the difference of Longitude between New York Find the difference of Longitude between New York 
and Charleston, S. C. and Manilla. 
New York, Longitude.....74° 0’ W. New York, Longitude...... Tas On We; 
Charleston... “50005. 79. 54 WW. Manilla... 2.0. Seon case’ 121. 2 & 
Difference of Longitude.... 5° 54’. ’ Bue 2.02. cad See ot 1982 7 34g 
Subtract from...0...... 360 0. 
EXAMPLE 2. Difference of Longitude. . 164° 57°, 
Find the difference of Longitude between the Cape of K . 


Good Hope and Cape St. Rogue, 
Cape of Good Hope, Longitude 18° 30’. E. 


Cape St. Roque....... “ ....85 17 W. 
Difference of Longitude........ 53° 47’, 
EXAMPLE 8. 
A Ship sails from Longitude 50° 10’ W. to 60° 80’ 
W., find the difference of Longitude. 
Longitude left... :........ 50° 10’ W. 
Longitude Ins vs... eee 60 30 W. 
Difference of Longitui.. 10° 20’. 


EXAMPLE 4. 
A Ship sails from Longitude 5° 40’ W. to 2° 10’ E. 
find her difference of Longitude. 
pine Longitude left........... 5° 40’ W. 
Longitude in............ Qo LO 7 
Difference of Longitude. ..7° 50’. 


' 


d 
S 
N 
iS) 
% 
N 
NS 


Nore.—A Ship in East Longitude sailing East, or in West Longitude sailing West, increases her Longitude, but i» 
East Longitude sailing West, or in West Longitude sailing East, she diminishes her longitude; and when the Longi- 
ye ‘exeeeds 180°, subtract it from 860, will give the Longitude in of a contrary name. 


EXAMPLE 6. is EXAMPLE 7%. 
A Ship from Longitude 85° 25’ W. saile East 3° 40’, A Ship from Longitude 179° 32’ E. sails Kast 2° 30', 
find the Longitude in. find the Longitude in. 
Longitude left. ..... .- 85° 25 W. Longitude left,.......179° 32’ E. 
Difference of Longitude 3 40 E. Difference of Longitude. . 2 30 K& 
Tongitude ia......... 81° 46’ W. Somii. 204 Reet Ga 182° 93° 
Subtract from, . reeees 360 0 


DEFINITIONS OF PLANE SAILING 5 


Fig. 4. 
DIAGRAM OF THE RIJGHT-ANGLED TRIANGLE. 
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PRINCIPLES OF THE RIGHT-ANGLED TRIANGLE. 


Tue Course steered is the angle between the Meridian and the Ship’s head; the Course made good is 
the angle between the Meridian and the Ship’s real track on the ocean. 

The Course is reckoned from the Meridian accordingly, North or South towards the East or West, if less 
than eight points, or 90 Degrees. 

The Course is measured in points of 11° 15’ each, or in Degrees and Minutes. 

The Rhumb line is the Ship’s track when crossing all the Meridians at the same Angle. 

The Distance between two places, or the Distance sailed by the Ship on a certain course, is measured in 
nautical miles of 60 to the Degree of Latitude, each containing 6,082 feet. 

Three such miles make a League. 

The Departure is the Distance: made good by the Ship due East or West, or the distance she departs from 
her first Meridian, and are always of the saméd length as the miles of Distance, or difference of Latitude. 
it is also called Easting or Westing, and always expressed in miles. When a Ship sails East or West she 
makes no difference of Latitude. 

The difference of Latitude is the space contained between two parallels of Latitude, and is counted, on 
the meridian. When a ship sails North or South she makes no Departure. 

Taking a departure means taking the bearing of any object by eqmpass, or its angle with the Meridian, 
and estimating its distance from the Ship on leaving the land. 

The above figure represents a case in Plane Sailing, in which all the above terms are explained. The 
thick lines form a Right-Angled Triangle, of which the Perpendicular is the Difference of Latitude. 
The Base, the Departure ; the, “Angle between them is a Right Angle, or 90°; and the Hypothenuse is the 
Distance sailed ; the Angle between the Hypothenuse and the Perpendicular is the Course reckoned from 
the Meridian ; and the opposite Angle is found by subtracting it from 90°; because these two Angles are 
equal to the Right Angle. or 90°. We have now the four terms of a Right-Angled Triangle, corresponding 
to the Course, ‘Distance, Difference of Latitude, and Departure, and by “the well-known: properties of that 
figure, any two of which being given, the other two can readily be found by the rules given for projecting 
the case ; and to obviate the labor of calculating the terms by Logarithms, Tables have been long in use 
containing all that is necessary for solving the problems, sufficiently accurate for the purpose intended. 
They are “called the Traverse Tables, and the quantities are taken out by inspection; and as this is the 
method inv ariably used at sea, all the other methods are neglected, and never used even by those who have 
a thorough knowledge of Trigonometry, and many navigators consider them a useless appendage to a work on 
Practical N avigation. 


| INSTRUMENTS OF NAVIGATION. 


The Instruments used in Navigation are the Compass, the Log, and Glass. The fornier shows the direc 
tion of the Ship’ s track, and by means of the latter her distance run is measured. 

The Log Ship is a small triangular-shaped piece of wood, one side being loaded so as to cause it to swim 
upright; sometimes a funnel-shaped bag is used instead. .This is attached to the line in such a manner 
that when the glass has run out, and the line checked, one of the corners (being fastened by a peg of -wood 
or bone), is released, or the bag reversed, which allows it to be easily hauled on board again. At 12 or 15 
fathoms from the Log Ship the line is marked with a strip of Rag; this is called the Stray line, which 
enables the: Log to go clear of the Ship before the: time is counted, or the Glass turned. From this mark 
the line.is-measured and divided into Knots and Half Knots, ee marked at each Knot with a bit of string, 
with the number of Knots upon it. 

The length of a Knot depends upon the number of seconds which the Glass measures. 
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Fig. 5. 
THE MARINER’S COMPASS. 
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INSTRUMENTS OF NAVIGATION. 4 


The length of a nautical mile being about 6,080 feet, the 30 Second Glass should have a length of Knot 
nearly 51 feet. To determine the length of Knot to any length of glass, the Rule is, as 30 Seconds is te 
51 feet, so is 28 Seconds to the Knot of 47 feet, and so on. 

But in practice a 45 feet length of Knot is found to correspond best with a 28 Second Glass. The dif. 
ference is caused by the Log Ship coming home when hove, aiid 47 feet gives the Distance run too amall. 

Before the line is measured it should be well stretched, and then made wet. Nails should be placed in 
tle Deck at the proper length of the measured Knot, so as to verify the marks frequently, as the line is 
hable either to stretch or run up. 

Sometimes the Knots and half Knots only are inserted in the Log Board, but in general the Knot », 
divided into 10 fathoms, and the odd fathoms inserted for handiness in adding up. This fathom is me i 
feet, but the tenth part of the Knot only. 

The Log line, after being thus measured, is fastened to a Reel and wound up. ready for use. The man- 
ner of heavi ing the Log can only be learned at Sea, but it may be useful to remark that the line is taked in 
the hand, not ‘coiled, and the Log Ship is to be thrown well out to Leeward of the Ship’s wake, and in such 
a manner that it may take hold of the water at once, and that before a heavy Sea the line should be paid 
out rapidly when the Stern is rising, and retarded a little when the Stern is falling. 

Whichever length of Glass is adopted, there should always be another of half the length, usually called 
_ the short glass, and used when the Ship i is going rapidly through the water, as only half of the length of 
line is required, and by doubling the number of Knots run out, “the same result i is obtained as if the whole 
line had been used. 

The Glass should be kept-dry, and verified occasionally with the second hands of a Chronometer. 


> ' THE COMPASS. 


- The Mariner’s Compass consists of a ciscular card, the edge being divided into 32 Points, Half Points 
and Quarter Points, and into 360 Degrees. 

The four principal points, or, as they are called, the cardinal points, are North, South, East, and West, 
the East being towards the right when facing the North, 

A farther description of this well-known Instrument is not required, except that in North Latitude the 
North Pole of the magnetized bar is drawn or attracted in that direction, and in South Latitude the South 
Pole is attracted towards the South. The Dip, or attraction towards the centre of the Earth is greatest in 
high Latitudes, and is frequently the cause of a sluggish movement of the Card in common compasses. 
The magnetic pole dipping, a balance-weight of Sealing-Wax or other substance is required at the other 
end of the bar, to make it swing freely round, which can be removed again in low Latitudes. The pin on 
which the card is balanced sometimes becomes blunt by constant use, which can be sharpened with a fine- 
grained file or a set stone. 

The Lubber’s Point is a perpendicular mark in the centre of the forward part of the Compass Bowel, 
and represents the line of the Ship’s Keel, (or a line parallel to it) By endeavoring to keep a given point 
of the Compass card at this mark, constitutes what is called steering a course by Compass. 


THE VARIATION OF THE COMPASS. 


The Needle points to the Magnetic North, which in few parts of the world agrees with the true North, 
the difference between them is called the Variation of the Compass. See page 116. 

The’ Variation is named Easterly when the North end is drawn towards the East of the true North, and 
Westerly when drawn to the Westward. The variation is different in different places, and is constantly 
though slowly changing. 

To correct compass courses and bearings for variation, if the variation is Easterly, apply it to the right 
hand of the Compass course or bearing. When Westerly, apply it to the left hand, looking towards the 
point representing the given course or bearing. 

A True course or bearing. ig reduced to the PLC ORD aes course or bearing by applying the variation the con- 


trary ) way. 
LOCAL ATTRACTION. 


The Compass in every Ship.is more or less affected by the Iron used in her construction, and by Iron on 
board as cargo. It is most sensibly felt when the Ship’s head is East or West, because in North Laiitude 
the North Point is drawn forward, and the reverse in South Latitude; but when her head is North and 
South, the Magnetic and true meridians nearly coincide with the disturbing force, situated in the forward 
part of the Ship, and the effect is not so sensible. It may be detected by taking frequent observations to 
find the variation of the Compass. (which will include the Local Attraction ;) then tne difference between 
that and the variation laid down on the Chart will be the Local Attraction. ‘This subject will be found 
treated of more at length at page 120. 


~ PRACTICAL NAVIGATION. 


INTRODUCTION TO THE SAILINGS. 


Tue Methods used in navigating a Ship by Dead Reckoning are the Plane and Traverse Sailing8, Paral 
lel, Middle Latitude, and Mercator Sailings; Current Sailing being merely a modification of the others, al| 
of which will be explained and exemplified under their proper heads. 

It has not been deemed necessarily within the scope of this work to include Great Circle Sailing, simply 
because the track of a Ship, as given by the general rules in Great Circle Sailing, cannot be practically 
adopted by a Sailing Vessel, from many causes which it is not necessary here to explain, and which has 
been the cause of leading many vessels astray that had adopted it. 

A Ship may, however, adopt a modification of the Track on the Great Circle without reference to any 
general rules, as follows : 

Great Circle Sailing supposes a Ship to Sail on a cirele on the Earth’s surface, having the Centre of the 
Earth as a Centre. When a Ship sails true North or South, she sails on the Arc of a Great Circle; and 
when she sails true East or West on the Equator, she also sails on the Arc of a Great Circle, because these 
(Sircles have the Earth’s Centre for a Centre; but in sailing on a straight Rhumb line in any other direc- 
tion, which, although it may appear perfectly straight on the Chart, nevertheless, if her positions at Noon 
were laid off on a Terrestrial Globe, it would be found that she had described a Curve with its back to- 


wards the Equator, and been sailing on a Small Circle. Now the object to be attained in Great Circle 


Sailing is to adopt a curve or track on the Chart, the back of which shall be turned towards the Pole of that 
Latitude in which she is Sailing. Then, supposing her positions at Noon to be laid off on the Globe as be- 
fore, it will be found that she has been sailing on a circle which has the centre of the Earth as a centre, 
the distance measured between any two places on this Great Circle is the least distance between them ; 
but, as before observed, this is not always practical. *A modification may be adopted by tracing ‘upon a 
Chart of the intended voyage a curved Track from Port to Port, having its back towards the North in North 
Latitude, or towards the South in South Latitude, and which shall keep the Ship free from being entangled 
with the Land, and at the same time placing her in the most favorable position to take advantage of the 
prevailing Winds and Currents. 

The manner of doing this is simply to draw a line between the two places on the Chart, and to mark 
the extent to which the curve may be judiciously made on the polar side of the middle of that line ; then 
through these three points trace a curved line, which will approximate to that of a Great Circle. Now it 
is evident that to sail on this curved track, the course must be shaped accordingly, and that it will be 
required to be reshaped or changed at the end of every 60 or 100 miles of Distance run by the Ship. The 


extent of this curve must be greatest in high Latitudes, and on crossing the Equator it changes to the oppo- © 


site side of the straight line. See the Great Circle track from Santa Cruz to St. Johns, on the Chart ai 
page 4¢ : 


PLANE SAILING. 


Piane Sailing is the Art of Navigating a Ship on a plane surface, supposing the surface of the Earth to 
be an extended plane, and the meridians all parallel to each other. This supposition is nearly true for 
amall portions of the Earth’s surface, and for a considerable space on each side of the Equator. . 

But as the Meridians contract in Sailing from the Equator towards the Poles, the sides of the Right- 
Augled Triangle do not bear the same relation to each other on large portions of the Earth’s surface. 

Plane Sailing also supposes the parallels of Latitude to be at right angles to the Meridians, and th 
length of a degree on the Meridian, Equator, and parallels of Latitude, everywhere equal. 


CASE I. 
The Course and Distance given to find the Difference in Latitude and Departure. 


ExamMpLe.—A Ship from Latitude 48° 30’ N. Sails North-East by North 300 miles. .Required her Latitude 
in and Departure from the Meridian. 


BY PROJECTION ON THE PLANE SCALE. 
> Fie. 6. 
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Parallel ftw 

Draw a horizontal line representing the parallel of Latitude sailed from; then with the Chord of 60° in 
the dividers, and one foot on this line, describe a Semicircle ; divide this Semicircle into equal parts of 90° 
each, (or a Quadrant) ; divide the right hand Quadrant into 8 equal parts, which transfer to a line drawn across 
the Quadrant, will give the line of Rhumbs. Divide the Jeft hand Quadrant into 9 equal parts, and transfer 
them to a line drawn across the Quadrant in like manner, will give the line of Chords. Those figures are 
always drawn so that the upper part represents the North, and the ship is supposed to sail from the centre on 
a given course towards the circumference or horizon. the course North-East by North, 300 miles given. Take 
3 points from the line of Rhumbs and lay it off from the North towards the East, and draw the Rhumb line, 
which will represent the Ship’s Course, and on which measure off the Distance Sailed; this will give the 
Ship’s place. Draw a parallel of Latitude through this place, and through the Meridian sailed from, and 
the space between the Parallels of Latitude is the Difference of Latitude made, measured on the Meridian. 
Draw a Meridian through the Ship’s place parallel to the Meridian sailed from, and the. space between 
the Meridians is the Departure made. 


BY INSPECTION. TRAVERSE TABLE. 


Oourse North-East by North, or 3 Points, and Distance 300 miles. Inthe Traverse Table gives 
Difference of Latitude. ... )249.4 miles, and the Departure 167 miles, 


== 4° 9'N 
Latitude left? < f...0 23 48 30° N. 
Toatibide Wit... sees ose gs 52° 39'N 


Nore.—These Tables contain four terms, any two of which being given, the other two can be found by inspection ; 
and it must be observed that in using these Tables the terms Distance, Latitude, Departure, must be found at the top, i 
the Course is found there: but if the Course is found at the bottom, those names or terms must be found at the bottom. 
Thus, the Course North-East by North, or 8 Points, is found at the top, and the columns headed Latitude and Depurture 
are to be used from the top, and against Distance 800 stands Difference of Latitude 249.4, and Departure 166.7. Ib 
practice, should the tenths be less than 5, we throw them away ; if more than 5, we call the sum one mile more. 

When the Distance is more than 800, or if any of the other terms be too great for the Tables, we take one half, ons- 
third, one-fourth, or one-tenth, and multiply the terms thus found by the same quantity that they were reduced by. 


1o PLANE SATLING. 


CASE II. 
The Difference of Latitude and Course given to find the Distance and Dep.» ture. 


Examp1e.—aA Ship from Latitude 52°-89’ North, sails South-West by South until her Latitude observed war 
18° 30’ North. Required the Distance run and her Departure from the Meridian, 
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PROJECTION BY THE PLANE SCALE. 


Draw a horizontal line to represent the parallel of Lata. 
tude Sailed from ; then with the Chord of 60° in the div:. 
# ders, and one foot on this line as a Centre, make the Are 
of a Cirele towards the left hand downwards, which ‘will 
represent the Southwest Quadrant. Take 90° in the divi- 
ders, and with one foot on the line where it joins the Cir- 
cle, extend the other downwards, and mark the Circle. 
A line drawn through this mark to the Centre will form 
a Right Angle with the other line, and represents the 
Meridian sailed from. Lay off the Difference of Latitude 
on this Meridian towards the South, and draw the paralle) 
of Latitude come to. Take 3 Points from the line of 
Rhumbs, and lay it off from the Meridian South, towards 
the West, and draw the Rhumb line, and where it cuts 

the parallel of Latitude is the Ship’s place, and gives her 
LOR AMAY Leh cerne bo Danante Sailed. Draw a line parallel to -the Meridian. 
ey gh the Ship’s place, will give the ae come to, and the space between the Meridians is the 
Departure. , 


BY INSPECTION. TRAVERSE TABLES. 


I open the Table at a 3-Point Course, and find the Difference of Latitude 249 miles in its column, (at 
he top of the page, marked Latitude,) and against it, in the Distance column, stands 300 miles, the Dis- 
tance required, and opposite, in the column marked Departure, stands the Departure Tequired, 167. 


CASE II. 
The Difference of Latitude and Departure given to find the Course and Distance. 


Exaurre—aA Ship from Latitude 32° $1’ North sails between the South and East until her Latitude in is 30° 10° 
North, having made 265 miles of Departure. Required her Course and Distance sailed. 
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PROJECTION BY THE PLANE SCALE. 


Draw a Horizontal line to represent the parallel of Latitude sailed from, then with the Chord ofs 6C* 
the dividers, and one foot on this line as a Centre, make the Are of a Citele towards the right hand dewn- 

wards, and which will represent the South-East quarter of the Compass. Take 90° in the dividers, and 
with one foot on the line where the circle meets it, extend the other downwards, and mark the Circle : "then 
a line drawn through this mark to the Centre will form a Right Angle with the othe line, and represents. 
the Meridian sailed from. Lay off the Difference of Latitude, 14). on the Meridian ‘om tLe parallel of 
Latitude sailed from downwards, or towards the South, and draw the parallel of Lat. ie come to 


PLANE SAILING. 1! 


From the meridian line towards the East, or right hand, lay off the Departure, 265 miles, and draw the 
meridian come to paraliel with it. Then where this meridian cuts the parallel of Latitude come to is the 
Ship’s place. Draw the Rhumb-line between the Ship’s place and the centre, which will give the Distance 
Sailed ; and where this line cuts the Circle will be the Course 54 Points measured from the meridian line, 
or from the South towards the East. 


BY INSPECTION. TRAVERSE TABLES 
With the difference Latitude 141, and the Departure 265, I enter the Table for Points, and I find them 
to agree nearly to the Course: 54 Points, and the Distance opposite is 300 miles. _ 
Or, in the. Table for Degrees the nearest is 264.9 and 140.8, which gives the Course Sailed 62° E., and 
distance 300 miles. The Departure being the greatest the Course is found at the bottom: of the pago. 
CASE. IV. 
The Difference of Latitude and Distance Sailed, given, to'find the Course and Departure. 


A Ship from Latitude 38° 20' N. sails: 296 miles between the North and West, until the Latitude ob- 
served was 40° 13'N. Required her Course and Departure. 
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PROJECTION BY THE PLANE SCALE. 


Draw a horozontal line representing the parallel of Latitude sailed from. Then with the Chord of 60° 
in the dividers, and one foot on this line as a Centre, draw the Arc of a Circle to the left hand upwards, 
which will represent the N. W. quarter of the Compass. Take 90° in the dividers, and with one foot on 
this line where the circle meets it. extend the other upwards and mark the circle, draw a line through this 
mark to the centre, and it will form a Right Angle with the other line and will represent the meridian 
sailed from. Lay off the Difference of Latitude, 113, on this meridian line from the parallel of Latitude 
sailed trom towards the N. and draw the parallel of Latitude come to. Take the Distance 296 miles in 
the dividers, and with one foot on the centre extend the other and cut the parallel of Latitude come to, 
which is the Ship’s place. Draw the Rhumb line between the Ship’s place and the Centre, and where 1t 
cuts the circle shows the Angle of the Course N. 6 points W. Through the Ship’s place draw a line par 


allel to the meridian sailed from, which will be the meridian come to, and. the space between the meridians 
is the Departure. 


BY INSPECTION. TRAVERSE TABLES. 


With the Distance 296 miles and Difference Latitude 113, I enter the Table for Degrees, and find them 
to agree between 67° and 68°. or, N. 67° 30 W.. and the Departure 274. The manner of doing it is thus 
I take the Distance 296 miles and the nearest Difference Latitude greater than the one sought, is found to 
be 115.7 at Course 67°, and the nearest less Difference Latitude 110.9 at Course 68°. The half between 
them is the course required. The Departure at Course 67° is 272.5, and at 68° is 274.4. The mean or 
half between the two is 274, nearly, which is the Departure required. 

Or, enter the Table of Points with Distance 296 and Difference Latitude 113. The nearest to Ler 13.3, 
gives a six point Course, and the corresponding Departure is 273.5. 


Nork.—In all those cases where the Course is required, consider whether the Difference of Latitude or the Departure 
is the greatest. If the Departure is the greatest, the Course is found at the bottom of the page; but if the Departure 
is the least of the two, the course will be found at the Top of the page. 

Because those Tables are calculated as far as Four Points or 45° at the Top, for Distance, Difference of Latitude, and 
Departure; they then commence at the Bottom of the page, and go backwards for the remaining Points or Degrees of 
the Quadrant, and the angle of the Course being greater, the Latitude and Departure columns are reversed at the Bot 

in, and marked aceordingly. 


12 PLANE SAILING. : 


CASE V. 
The Course and Departure given to find the Distance and Difference of Latitude. 
ExamMpLe.—A Ship from Lat. 2° 7’ N sails South-West by West half West until she has made 250 miles of 
Departure. Required her Latitude in and Distance Sailed. 
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PROJECTION BY THE PLANE SCALE. 


[saw a horizontal line to represent the parallel of Latitude sailed from. Take the Chord of 60° in the 
dividers, and with one foot on this line as a Centre, make the. Arc of a Circle towards the left downwards, 
which will represent the South-West quarter of the Compass. Take 90° in the dividers, and with one foot 
on the line where the Circle joins it, extend the other and mark the Circle. A line through this mark to 
the Centre will form a Right Angle with the other line, and which will represent the Meridian saiied from. 
Take 54 Points from the line of Chords,sand lay it off from the South towards the West, and mark it on the 
Circle. Draw the Rhumb line through this mark to the Centre, and it will form an Angle with the 
Meridian or the Course. 

Lay off the Departure 350 miles from the Meridian towards the West, and draw the Meridian’ come te 
parallel with the other; then where it cuts the Khumb line is the.Ship’s place. Extend the dividers be- 
tween this place and the Centre, will give the Distance sailed 396 miles. Through the Ship’s place draw 
the parallel of Latitude come to. and the space between the parallels of Latitude is the Difference of Lati- 
tude, 187, or 3° 7' South, and the Latitude in is 1° 00’ South. In this case the Ship has crossed the Equator. 


BY INSPECTION, TRAVERSE TABLES. 


Find the Course 54 Points at the bottom of the page of the Table for Points. Take half the Departure, 
350 miles, which is 175, in its column, the nearest to it, is 174.6; opposite, in the Distance column, stands 
198, and in the Latitude column 93.3, which is half the Distance and half the Departure, which, being 
doubled, gives the whole Distance, 396 miles, and the whole Difference of Latitude 186.6, or divided by 60, 
3° 7' South. The Latitude sailed from was 2° 7' North, which, subtracted from the Difference of Lati- 
tude made, gives the Latitude in 1° 0' South, and the Ship in this case has crossed the Equator 


‘ CASE, VI. 


The Distance and Departure given to find the Course and Difference of Latitude. 


Examptx.—A Ship from Latitude 1° 0’ South sails between the North and East 396 miles, until her Departure 
is 850 miles. Required the Course steered and her Latitude in. 
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PLANE SATLING 13 


PROJECTION BY THE PLANE SCALE. 


Draw a horizontal line to represent the parallel of Latitude sailed from. Take the Chord of 60° in the 
dividers, and with one foot on this line as a centre, make the Are of a circle towards the right hand 
upwards, which will represent the North-East quarter of the Compass. Take 90° in the dividers, and with 
one foot on this line where the Circle joins it, extend the other upwards, and mark the Circle. A line 
drawn through this mark to the Centre will form a Right Angle with the other line, and which will rep- 
resent the Meridian sailed from. Lay off the Departure 350 miles from the Meridian towards the right or 
the East, and draw the Meridian‘come to parallel with the other. Take the Distance, 396 miles, in the 
dividers, and with one foot on the centre, extend the other, and cut the Meridian come to, which will be the 
Ship’s place. Draw the Rhumnb line between the Ship’s place and the centre, and where it cuts the Cirele 
will be the Course North 5} Points East, and measured on the line of Rhumbs. Through the Ship’s place 
draw the parallel of Latitude come to, and the space between the parallels is the Difference of Latitude, 
187 miles, or 3° 7’, the Latitude in being 2° 7’ North. 

In this case the Ship has crossed the Equator. 


BY INSPECTION. TRAVERSE TABLES, 


Take half the Distance, 198, and half the Departure, 175. Seek in the Tables till opposite the former, 
the nearest to the latter is found to be 174.6, adjoining to which stands half the Difference of Latitude, 
93.3, which doubled ‘is 186.6, or 3° 7' North, from which subtract the Latitude left, 1° 0' South, gives the 
Latitude in 2° 7’ North, and the Departure being greater than the Difference of Latitude, the Course 1s 
found at the bottom of the page to be North 5} Points East, or North 62° E. in the Table for Degrees. 


® 


The above Six cases comprehend all the varieties of Plane Sailing, but as it is of great importance to 
have a thorough knowledge of the principles of Plane Sailing before going into the other Sailings, (because 
it is used in all the other Sailings,) and also to exercise the learner in the use of the Traverse Tables, the 
following questions are given for exercise. 

Question 1. A Ship from Latitude 36° 30’ North sails South-West by West 420 miles. Required her 
Latitude in and her Departure from the Meridian. 

ANSWER. Latitude in 32° 37’ North, and Departure. 349.2 West. 

- Question 2. A Ship from Latitude 3° 54’ South sails North-West % West until her Latitude in is 2° 14 
North. Required her Distance run and Departure made good. 

Answer. Distance 618 miles, and Departure 496.4 West. 

Question 3. A Ship from St. Helena, in Latitude 15° 55'S sails South-South-East 4 East till she has 
made 115 miles of Departure. \ Required her Latitude in:and the Distance run. 

Answer. Latitude in 19° 30’ South, and Distance 244 miles. 

Question 4, A Ship from Latitude 28° 20’ North sails between the North and East 486 miles, and finds 
by Observation that she is in Latitude 32° 17' North; what Course has she steered, and what Departure 
has she made ? 

Answer. Course N. 61° East, or North-East by East } East nearly, and Departure 425 East. 

Question 5. A Ship sails between the North and West 170 Leagues from a Port in Latitude 38° 42’ 
North until her Departure be 98 leagues. Required her Course and Latitude in. 

r Answer. Course North 35° West, or North-West by North } West nearly, and Latitude in 45° 40’ 
orth. 

Question 6. A Ship from Sandy Hook in Latitude 40° 28' North, sails between the South and East until 
her Latitude observed is 38° 20’ North, and having made 100 miles Departure. Required the Course and 
Distance Sailed. ‘ 

Answer. Course South 38° East, Distance 163 miles. 

Question. 7. A Ship off Cape Henry in Latitude 36° 56' North, is bound to Bermuda, in Latitude 32° 19’ 
North, and which lays 552 miles to the Eastward of the Cape. Required her Course and Distance to it. 

ANswWER. Course South 63° East, or South-East by East $+ East nearly, and the Distance 618 miles. 

Question 8. Five Days ago we were in Latitude.3° 10’ North, and since then have sailed on a South- 
West Course, at the rate of 10 knots an hour. Required the Latitude in and the Departure made to the 
Westward. 

Answer. The Latitude in is 10° 59’ South, and the Departure made is 849 to the Westward. 

Question 9. A Ship from Latitude 4° 10’ South is bound to a Port in Latitude 3° 10’ North, and bearing 
from the Ship North-North-West. Required how far that Port lies to the Westward, and the Ship’s Dis- 
tance from it. 

4NSWER. The Port lies 183 miles to the Westward, and the Distance is 478 miles. 

QueEsTIon 10. Required the Bearing and Distance between Neversink Light in Latitude 40° 24’ North 
and the Island of Porto Rico in Latitude 18° 29’ North, and which lies 413 miles to the Eastward of the 
former. 

Answer. The Bearing is South 17° 30’ East, or South by East + East, and tle Distance 1,23) miler. 


Lae 


Pi TRAVERSE SAILING. 


This 1s a variety of Plane Sailing in which the Sh.p makes two or more Courses in succession. and the 
method of reducing these several Courses and Distar-es into a single Course and Distance is called worging 


a Traverse. 
TO WORK A TRAVERSE 


Make a Table, and divide it inio six columns; in the first of these set down the several Courses, and. 
opposite to them, in the second column, their corresponding Distances. The third and fourth columns are te: 
be marked North and South at the top, and are to contain the Differences of Latitude. The fifth and sixth 
are to be marked East and West, and to contain the Departures. 

Find the Difference of Latitude and Departure corresponding to each Course and Distance by the method 
of Plane Sailing. Set these down opposite the Distance in their proper coiumns, that is, if the Difference 
of Latitude is north, it must be placed In the North column, and if South in the South column, and that if 
the Departure is Easterly it must be placed in the East column, and if Westerly it must be placed i in the 
West column. When the Course is due North, South, East, or West, set down the Distance in that column 
answering to it. Add up tne columns of Northing, Southing, Easting, and Westing, and set down the sum 
of each at the bottom, then the difference between the sums of the North and South columns will be the 
whole difference of Latitude made good, of the same name as the greater, and the Difference between the 
sums of the East and West columns is the whole Departure made good of ‘the same name as the greater: 
then with the whole difference of Latitude and Departure made good, find the direct Course and Distance. | 


EXAMPLE 1. 


A Ship takes her Departure from an Island in Latitude 35° 10’ North, the centre of which bore West- 
North-West 10 miles, and sailed on the following Courses; North-East 30 miles, West by North 50 miles, 
South-South-West 36 miles, East 20 miles, South 14 miles, East by North 50 miles, and South-West by 
West 70 miles. Required her Latitude i in, the Course and Distance made good, and the bearing and Dis- 


tance of the Island. 


TRAVERSE TABLE. 


DIFF. OF LAT. DEPARTURE. 
couRsEs. te gee , NORTH. SOUTH. EAST. WKAT. 
Bearing W.' Nie Wests os ak deententecon [apis 2 2 010irk nielnietne statis ae lathe 
Opposite Pt. E. 8, E. 10) Vad Mies ete 3.8 A inely eee aaa 
Nei Hy o scala SURE Pig ue Ot See U Ans At Sh ee a Lies 
W. by ak oka 50 a CO la wa Ife bie 49.0 
eee Wie ts Cea cae ry HIT PR RRPAL S) Oak Ny Beles ca hie aie 13.8 
TOR Se te oe Pav DOS "7 Bere ihe aa ant 20.0 Lo pclae 
Sout. 325 Ses 14 Si TAS GAN DEAD OTe Cael lola: elotiie ma 
eee Doe. eee ra SO OG e veiaapete 2 ATC ay Dea TAR 
SEW byy Wile ss a0 10 Aaa WE) RAR OCT a aet sh 58.2 
i+ 40.8 90.0 99.4 121.0 
40.8 99.4 
Diff oF GAG mates. assis. < wuxremalemels 49.28., & Dep. made 21.6 
Lat. of the Island. ..........2..+0+-2-35 10 N. West. 
Lat of the Shipi. 5 sit < « ssieeiviuiate Vom 84° 21'N, 


With the Difference of Latitude 49.2, and Departure 21.6, seek in the Table for the nearest corres- 
pouding sums, which are found to be 49. 3 and 22.0, and opposite to them stands the Distance 54, in its 
column. and the Course is found at the top. of the page, because the Departure is less than the Difference 
of Lautade. The Course made good ‘n this case is South 24° West, or South-South- West + West nearly, 
and the Distance 54 miles. 

The Bearing of the Island from the Ship is just the reverse of the Course made good, that is, North 24° 
East, because the Departure was taken from it, and the Distance is the same as the “Distance made good by 
the Ship, which is 54 miles. 
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PROJECTION BY THE PLANE SCALE 


Fig. 12. 
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With the Chord of 60° describe a Circle. Take 90° in the dividers, and mark the circumference of it 
into four equal parts, representing the Points of the Compass, and mark it North at the top, South at the bot- 
tom, East on the Right, and West on the left hand, and mark the Centre as the place of the Island. Take 
the pearing North 6 Points West, in the dividers, frotn the line of Rhumbs and lay it off from the North 
towards the West, and draw a line to the Centre, which, prolonged to the opposite side. will pass through 
the Ship’s place to South 6 Points East. Take the distance of the Ship from the Island, 10 miles, in the 
‘dividers, and lay it off from the centre on this line, which will be the Ship’s place at the time of taking her 
departure. Take 4 Points in the dividers, and lay it off from the North towards the East, and mark it on 
the Circle; lay the edge of the parallel ruler over this mark, and that of the Centre, and transfer this 
‘Course to the Ship’s place, and draw a line in that direction ; take 30 miles, in the dividers, and lay it off 
from the Ship’s place of departure on this line, and which will be the Ship’s second place after completing 
‘her first Course and Distance. 

In like manner, lay off all the other Courses and Distances. Then draw a parallel of Latitude through 
the last place of the Ship, and where it cuts the Meridian will be the Difference of Latitude made, 49. 
Draw a line from the Centre to the Ship’s place, and where it cuts the Circle will be the Course made good, 
measured from the South 24° West, and the Distance, 54 miles. A line drawn through the Ship’s place, 
‘parallel io the Meridian of the Island, will give the Meridian come to, and the space between them is the 
Departure, 22 miles. The bearing of the Island from the Ship is the opposite point to the Course made 
good North 24° East; the Distance from the Island is 54 miles, which is equal to the Distance made 
ood. 


nt 


YH TRAVERSE SAILING. 


EXAMPLE 2. 

A Ship frors Latitude 43° 10’ North, is bound to a port in Latitude 42° 20’ North, and which lies 50 miles to the 
Westward of the Ship. But by reason of contrary winds, and other causes, she has sailed on the following Courses, 
viz.: N. N. W. $0 miies, E. S. E. 80, South 20, W.45S. 89, S. E. 15, and W. by S. 22. Required the Bearing and 
wistance of the Port from her first position, her Course and Distance made good, her Latitude come to, and tus 
Course and Distance to her intended Port. 


TRAVERSE TABLE. 


DIFF, LAT. | DEP. 


| a Ty a eae To find the Bearing and Distance of the Port: 
COURSES. pist. | NORTH. | soUTH. EAST. WEST from the Ship’s first position. 
re eee ad a ee Lat. of the Ship... .43° 10’ N. 
Meee. ht d aie dee ot a ad Re pe Lat. of the Poit....42 20’ N. 
South 20% | bee ate 20.0 Hilger scan Diff Lat.......... 60 Dep. 50, 
Wd Byind 189-G) ueeeey 83 Ayame ic: | 38.8 si leads ihr epee etiealals 
SE. Lb. 1c one 10,6 cleetOB. ol oo ae ae And the Distance.....:.....¢. 70 miles. 
W.. by. 80.4. 182.1]. i pees SBA bicnseceel 216 : 
27.7 50.2 38.3 71.9 
OTT 88.8 : 
Difh "DAG, Sas aisles cis teuiae 22.58. and Dep...33.6 W., gives the Course made good, S. 56° W., or S.W. byW 
Lab iletts. 2 ei Pe hoes Lewis and the Distance 40 miles. 
Lat: come toned e9 42° 47’, To find the Bearing and Distance of theintended Port. Take the whole 
Diff. of Lat. between the Ship’s Ist position and that of the Port, which is 50 miles, and the whole Departure 50. 
From which subtract the Diff. Lat. made good........... <ilite sie 23“ and Dep. made good... .34. 
Leaves the Difference of Latitude tomake............. ee cece 27“ and the Dep. to make... 16. 


These agree in the Tables to the Course 81°, or 24 points, nearly, and the Distance 31 miles; and as the intended 
Port lies to the South and West of the Ship, she must steer S. 31° W., or S. S. W. £ W., 31] miles. 


PROJECTION BY THE PLANE SCALE. 
Bmp: Fie. 13. 


fee eG Oe 
WN: 


Meridian satled from 


~ SOUTH 20 


= OPARALLEL,“OF-LAT..A\, 


yw 


V4 
i 
! 
poate 
! 
| 

7 

Z 
i: 
| 
| 
as 
| 
| 


m1 


‘come Leo 


; Herid 


Parallel of Lal 


.' ; 3 — 5 - ‘ x 
f, lo make. 27 ‘fs 


| FERRY pasa ae? 
Dik Latio 


TRAVERSE SAILING. : 17 


Draw a figure as in the preceding example, the Ship’s position being in the Centre. Draw her parallet 
ef Latitude and her Meridian ; from the Centre lay, off the first Course North 2 Points West 30 miles; lay 
off 6 Points from the South towards the East for the second Course, and mark it on the Cirele. Lay the 
parallel ruler over this mark and the centre, and transfer this Course to the Ship’s place, and draw a 
line, on which lay off the Distance, 30 miles. "Lay off the other Courses and Distances in like manner, 
and at the end of the last one is the Ship’s place. From the Ship’s place draw a line to the Centre, which 
will be the Distance made good. 40 miles, and the Angle which this line makes with the Meridian i is the 
Course made good South 5 Points West. Through the Ship’s place, draw the parallel of Latitude come 
to, and the space between the parallels of Latitude is the difference of Latitude made good, 23 miles. Draw 
a Mer-.dian line through the Ship’s place, and the space between the Meridians is the Departure made good, 
34 miles. 

Take the Difference of Latitude between the Latitude sailed from, and the Latitude of the intended Port, 
50 miles. Lay this off to the South on the Meridian sailed from. and draw the parallel of Latitude of the 
Port on this line. Lay off 50 miles, which the Port lies west of the Meridian of ‘the Ship, and draw the 
Meridian of the Port ; where these lines intersect each other, is the intended Port. Draw a line between the 
intended Port and the Ship’s place, will give the Distance from it, 31 miles, and the Angle between this 
line and the Meridian of the Ship will be the Course. Lay the ruler along this line, and transfer it. to the 
‘Centre, and where the edge of the ruler cuts the Circle is the measurement of the Course South 31° West 
to her intended port. Draw a line between the Port and the Ship’s first position in the Centre, will give 
its Distance, 70 miles, and the Angle between this line and the Meridian of the Ship is the bearing of 
the Port, which is South- West. 


EXAMPLE 3. 


A Ship from a Port in Latitude 38° 42' North. bound to another Port, situated in Latitude 36° 32’ North, 
and 137 miles to the Eastward, sails on the following Courses; South by West 4 West 55 miles, South- 
West by South 4 West 37 miles, South 60 miles, East-South-East 40 miles, South-East by South } East 32 
miles, and North-East by East 4 East 58 miles. Required her Course and Distance made good, her pres- 
ent Latitude, and the direct Course and Distance to her intended Port. 

Answer. The Course madé good is South 23° 30’ East, and the Distance 169 miles, the Latitude in 36° 
7’ North the Course te the intended Port North 70° East, and the Distance 74 miles. 


EXAMPLE 4. 


A Ship takes her Departure from Cape Henry Light House, in Latitude 36° 56’ North, bearing West- 
North-West 7 leagues, bound to the Island of Bermuda, in Latitude 32° 19’ North, and which lies 552 miles 
to the Eastward of the Cape, but by reason of contrary winds has sailed on the following Courses: South- 
East by East 50 miles, South-South-East 40 miles, South 20 miles, East 60 miles, Rest! by North + North 
30 miles, North-East + East 40 miles, and East by South + South 50 miles. Required the Difference of 
Latitude and Departure made good, her direct Course and Distance made good, her present Latitude and 
the Bearing and Distance of Bermuda Island. 


Latitude of Cape Henry 36° 56’ N. 


COURSES, DIsT. | NORTH. SOUTH. BAST. WEST. Latitude of Bermuda... 32 19 N. 
WAL RA 4° 37’ 
igs gy a etn ee Be aa Oates oe Meats 
8. E. by E. TUNING SSN ae 27.8 ADB 4 ee re Whole Diff. of Latitude 277 S., and Dep. 552 EK. 
8. 8. E. faye Os epee 37.0 ecg Bebeteprayt Diff. of Latitude made.. 73 8S. and Dep. 244 E. 
South, 20 Jesse eee 20.0 [reiereedecserees Leaves Diff of Lat.....204 and Dep... .308 miles 
Kast. erate aay Son eager ans GUAT tg een, FUN to make. 
EK. by N.4.N.} 30 BT fase ee ees 28.0 fev e eevee One-tenth of these Sums are found to ugree 
N. EE, | 40 A ae B09 |e seeeees nearly to a Course of 56° and the Distance corres. 
E. by. 8. +8. 50 seseeees 146 MA Ey ES a eae ponding 870 miles. 
‘ 107. 243.7 of Easting. The true Beari ing of Bermuda from the Ship is, 
tie ae Shae cae therefore, South 56° East, or South-East by («st 


Difference of: Lat. made good is 73.2 and Dep. 243.7, gives nearly Saba lle 


or 1° 13' 8, the Course acid Dis- 


; : tance made good E, 
Latitude of Cape Henry..... 36 56 _N. by S $8. 254 miles, 


Latitude of the Ship,...,...85° 43’ N. 


— 


PARALLEL SAILING. 


In Plane Sailing the Earth is considered to be an extended plane, and the Meridians all parallel to eack 
other, and the length of a Degree everywhere equal, which supposition will give just conclusions, so far as 
the Course, Distance, Difference of Latitude and Departure are. concerned; because a Ship, when sailing 
on a Rhumb line, makes equal Angles with the Meridian. | 

But as the Earth is a Globe or Sphere, and the Meridians meet at. the Poles, it is evident that the Dis- 
tance between any two Meridians must vary in every Latitude ; their greatest Distance being at the Equator, 
on which the Difference of Longitude is measured ; hence the difference of Longitude always exceeds the 
Departure or Meridian Distance, (except on the Equator. where they are the same), in proportion as the 
given places are situated farther from the Equator. 

The following Table, showing the number of Minutes and Seconds contained in each Degree or 60 miles 
of Longitude for every Degree of Latitude, will be found useful. ' 


1 59.59 19 56.44 37 47.55 55 34.25 13 17.88 

2 59.58 20 56.28 38 47.15 56 33.30 q 16.38 

3 59.55 2) 56.00 39 46.38 BPS 9ad 15 16.31 

4 59.51 22 55.38 40 45.58 58 31.48 16 14.31" 

5 59.46 28 55.14 4] 45.17 59 30.54 17 13.30 

6 59.40 24 54.49 42 44.35 60 30.00 18 12.28 
Ly 59.33 25 54,23 43 43.53 61 29.06 79 11.27 
‘e:} 59.25 26 58.56 44 43.10 62 28.10 80 10.25 ° 

9 59.16 27 53.28 45 49.26 63 27.15 81 9,24 

10 59.06 28 52.59 46 41.41 64 26.18 82 8.21 

11 58.54 29 52.29 4 40.55 65 95,22 83 1.19 

12 58.41 30 51.58 48 40.09. 66 24.24 84. 6.16 
ips 58.28 31 51.26 49 39.22 67 23.26 85 5.14 
Bs 58.14 39 50.53 50 38.44 68 22.98 86 4.12 - 

15 57.58 33 50.19 51 37.46 69 21.30 87 3.09 

16 57.41 34 49.45 52 36.517 70 20.31 88 2.02 

17 57.23 35 49.09 53 36.07 71 19.82 89 108} 

18 57.04 36 48.38 54 85.18 qs 18.338 90 0.00 


DIAGRAM 


Showing the Contraction of the Meridians from the Equator towards the Pole, and the Parallels of Late 
tude crossing the Merilans. 


Fig. 14. 


Parallel Sailing is the method of finding the Distance between two places in the same Parallel of Latitude 
when their difference of Longitude is known, or of finding the difference of Longitude answering to the 
Distance or Departure made good when a Ship sails due East or West. Distance sailed and Departure are 
the same thing in Parallel Sailing. 


Nors.—This Sailing is particularly useful in making a small or low Island, in which case it is usual te run into the 
Latitude, and then steer East or West, care being taken that the Ship ia on the proper side of the Meridian of the 
(sland. : 
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CASE 1, 
The Difference of Longitude between two Places, both in one Parallel of Latitude, given, to find their Distance 


EXAMPLE.: 


A Ship in the Latitude of 32° 9’ N. and Longitude 69° 50’ W., and bound to Bermuda, in the same Toss ein and 
Longitude 64° 50’ W., what distance must she run to the Eastward to arrive at the Island? 


BY INSPECTION. 


Longitude of the Ship..69° 50’ W.) ; re ae 
Longitude of Bermuda. .64° 50’ W. Parallel of Latitude of the Island 32° 9’ N. 


B30" 

60 
; — Rutz.—Take ihe Parallel of Latitude 32° as a Course, 

and the Difference on Longitude in miles 300 in the Distance Column, and the Distance (or Departure) : 254.4 will 
be found in the Latitude Column. The Ship has, therefore, to run 254 miles to the Eastward to arrive at the 
Island. 


CASE II. 


The Distance between two places given, both in the same Parallel of Latitude, to find the Me be af Lon- 
gitude. 


EXAMPLE. 


A Ship from the Island of Bermuda, in Latitude 32° 9’ N. and Longitude 64° 50’ W,, saiis due W. 254 miles 
peace her. Longitude in. 


Rotze—Take the Parallel of Latitude 32° as a Course, and the Distance, 254, in the Tadivees Column, and tne 
Difference of Longitude will be found in the Distance Column, 309 miles. 


Longitude of Bermuda. .64° 50’ W: 
Diff. Long. made 300..—== 5 0 W. 
Longitude in... .69° 50’ W. 


‘ CASE Iil 


The Difference of Longitude and Distance between two places in the sume Paraiel of Latitude given, te 
find the Latitude of that Parallel. 


EXAMPLE. 


A Ship sails due East 254 miles, and hee finds she has altered her Longitude 300 miles. Required the Parallel 
of Latitude she sailed in. 

Ruiz.—Seek in the Tables until the Difference of Longitude, 300, is found in the Distance Column, and the Distance 
sailed, 254, is found in the Latitude Column; then the Course 32°, at the top of the page, will be the Parallel of 
Latitude sailed in, because 254 is found in the Column headed: Latitude at the tep of the page. 


QUESTION FOR EXERCISE. 
A Ship from Latitude 48° $9’ N. and Longitude 60° 10’ W,, sails due West 350 miles. Required her Longitude m. 


With Latitude 48°, and half the Distance, 175, (the whole being too great for the Tables,) in the Lati- 
tude Column, I find half the Difference of Longitude, 262, in the Distance Column. Then, with Latitude 
49° asa Course, and Distance 175 in the Latitude column, I find 267 in the Distance column. Add these 
Differences of Longitude together, and take their half Sum for the Difference of Longit ide, corresponding to 
the Latitude 48° 30’, which doubled will sive the required Difference of Longitude. 529 =8' 49' W. and 
Longitude in 68° 59° W.., as follows : 

Latitude 48° difference Longitude 262 
arene 49° difference Longitude 267 

_)d29 
Half Difference cf Longitude . . 264.5 

2 

Whole Difference of Longitude. 529.0 niles, 
Which divided by 60° gives.... 8° 49’ W. 
‘Longitude lems. cccieeee sao 60 10 W. 
Longitude in...... .... ean a ried OR Tey ig AUR Toes CS 
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MIDDLE LATITUDE SAILING. 


This method is founded upon the same principle as Parallel Sailing ; that is, of converting the Depart- 
ure into Difference of Langitude, and Difference of Longitude into Departure. When. the Ship’s Course 
lies obliquely across the meridians, that is, when, besides Departure, she makes Difference of Latitude, she 
leaves a certain Parallel of Latitude and arrives at another, the Space or Departure between the Meridians 
sailed from and come to differ, the one being greater than the other, and it is evident neither of these 
Departures can be used singly, to find the Difference of Longitude. 

But if we take the Middle Parallel of Latitude between the Latitudes sailed from and come to, we get 
the middle Departure between them. In the greater Latitude the Departure is less, and in the less Lati- 
tude the Departure is greater, than the Departure corresponding to the Middle Latitude. Hence this 
method, which is compounded of Plane and Parallel Sailings, is called Mippie Latirupe SaiLine. 

The Middle Latitude is half the Sum of the two Latitudes when they are of the same name. Near the 
Equator, when the Latitudes are of contrary names, no sensible error can arise from taking the Departure 
itself, made good from day to day as the Difference of Longitude, because the Degrees of Latitude and Lon- 
gitude are of the same length on the Equator, and the latter is only diminished by 1 mile at the 10th 
Parallel of Latitude; therefore in practice at Sea, Longitude and Departure may be considered the same for 
several Degrees on each side of the Equator. 

In using the Traverse Tables, it is enough to take the Latitude for the nearest Degree. 

In greater distances between places whose Latitudes are of contrary names, the proper rule 1s to take 
half the greater Latitude as the Middle Latitude.* — (See the annexed Diagram.) 

The Difference of Longitude found by this Sailing is true at the Equator, and very nearly true for short 
distances in all Latitudes, especially when the course is nearly East or West. In High Latitudes, when 
the Distance is great and the Course oblique, the error becomes considerable ; but the result may be made 
nearly true by subdividing the Distance Sailed into small portions, and finding the Difference of Longitude 
for each portion separately, and then adding the whole together. 

In like manner the Bearing and Distance between places near the Equator by this Sailing are correct. 
But-in High Latitudes the result cannot be rendered accurate by subdividing the Distance into small por 
tions, as above, because it is not known. Such cases are truly solved by Mercator’s Sailing 


DIAGRAM, 
Showing the Middle Latitude between the Parallels of Latitude North and South of the Equator 
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# Or add together the half of the greater Latitude to the half of the less Latitude, and their half sum will be the 
Middle Latitude required. See a's> the Note at page 28. 


MIDDLE LATITUDE SAILING. 2} 
CASE I. 
Qne Latitude and Longitude, Course and Distance given, to find the Difference of Latitude and Longitude. 


EXAMPLE 1. 


A Ship from Latitude 52° 6’ N. and Longitude 35° 6’ W.. sailed 8. W. by W. 256 miles. Required her Latitude 
and Longitude in. 


Course §. 5 pts. W. . : 
Distance 256 miles, § gives the Diff. Lat, )142 andthe Dep. 212.9, the half, 106.4, taken in the Latitude 


iL hier Rae et Te 142 3 Diff Lat...2° 22’ §, Col. of Mid. Lat. 51° as a Course, then Half Diff of 

: nyeetice alba 2138 W. The left. 52° 6’ N, Long. ie found in the Dist. Column to be ae 

ae Tatin. 5... 49° 44’ N, Lat. in. . 49° 44’ 7538 

“Diff. Long.... 5°38’ W Sum,..101 .50 st 

’ to tog e i yr ey Diff. Long. made.. 5° 38’ W. 
Long. in,... 40 44’ W. Mid. Lat. 50° 55 Long. ne AA 385 6 W. 


The Difference of Latitude and Departure are found as in Plane Sailing. The Latitude in, and thence 
the Middle Latitude, by adding the two Latitudes together, and taking their half Sum for the Middle Lati- 
tude. The Departure being too great for the Tables, the half is taken. Then, with Middle Latitude as a 
Course and half the Departure in the Latitude column, half the Difference of Longitude is found in the 
Distance column. This being doubled and divided by 60 gives Degrees and Minutes. Ship in West Lon- 
gitude sailirig West, add Difference of Longitude to Longitude left. 

This is the usual case at Sea in working a day’s work. 


Two Latitudes and Course given, to find the Distance and Difference of Longitude 
EXAMPLE 2. 


A Ship from Latitude 49° 44’ N. and Longitude 40° 44’ W., sails N. E. by E. until by observation she is in Lati- 
tude 52° 6’N. Required her Distance run.and Longitude in, : 


Course N. 5 pts. E. Lat. left ...46° 44’ N. nat. left... .49° 44’ N, 
Diab S i's «i 256 Lat. in .....52° 6N. Lat. in.....52 6 N. 
> Diff. Lat... 142 N. 2° 22 RUIN ss . 101 .50 
A) Ca 213 E. 60 Mid. Lat... .50° 55’ 
= Lat. Ob. 52° 6’ N. Course 5 pts. and 142 Difference Latitude in its column gives the Dep. )213 and Dist. 256,. 
w Diff. Long. 5° 38’ E. Mid. Lat. 51° as a Course, and half the Departure,...... hao skaes 106.5 in the Lat 


Lon, in. .35° 6’W. Column, half the Diff. of Long. is found in the Dist. Column to be 169 


9 


)338 
Diff. of Long..... 5° 38’ E. 
Long. left....... 40 44 W. 


—_——___. 


. Diners... . 35° 6 W. 


In a fast-sailing ship, where it is found difficult to measure the Ship’s rate of sailing by the Log, this 
Example may be used with advantage. 


Two Latitudes and Distance given, to find the Course and Difference of Longitude. 


EXAMPLE 3. 
A Ship from Latitude 8° 20’ N. and Longitude 22° 30’ W., runs for 4 days between the South and West, at the 
rate of 10 knots an hour, and then by observation finds her Latitude to be 10° 40’ 8. Requred the Course and the 
Longitude in. 


\ . 
Lat. left.... 3° 20’ N. Greater Lat......10° 40' S. Rurn.. 4 days, 


Course ....8.29° W = Latin... 10 40 S. The half of which, 5° 20’ 24 
Poa LEE. e's 2, 960 Diff. of Lat. 14° 0’ to be taken as Mid. Lat.......96 hours, 
Me eee AE 10 knots an hour. 
= Dep......... 465 W. The 10th part of 840 Differ. Latitude and 10th part of the Distance, 960, are fcund te 
i Latiz....10° 40’ S. agree at Course 8. 29° W,, and gives the tenth part of the Departure. 46.5, then with 


Diff. Long.. 7 47 W. half the greater Lat. 5° for the Middle Latitude as a Course, and the tinth part of the 
Long. in..80 17 W. Dep., 46.5, in the Latitude column, the tenth part of the Diff. of Long. is found in the 
Distance column to be 46.7, and the whole is )467 
Diff. Long. 7° 4'7' W, 
Long. left 22 80 W 
Long. in 80-17. 


By this Example it appears that there are only 2 miles difference between the Departure and the Differ 
ence ef Longitude as found in the run of nearly 1000 mil 2s. 


22 MIDDLE LATITUDE SAILING. 


One Latitude, Course and Distance given in a Hich Latitude, to find the Latitude and Longittwle in. 
EXAMPLE 4. 
A Ship from Latitude 58° 80’ S. and Longitude 178° 10’ W., sails S.. W. by W. 300 miles. Required her Correct 


Latitude aod Longitude in. By taking Short Distances ru, and also the same by the Whole Distance run, in the 
usual way. 


TRAVERSE TABLE. é , Pi LONGITUDE TABLE. 


Course: ist. : ; Lat. Left. Lat. in, | Mid. Lat. {Dif. Long. made. 


8. W. by W. 58°30' =| 58°58" 58° 44! 
« 50 58 58 59 26 59 12 

50 | 24, ; 5926 =| «59 4 59 40 

50 : 59 54 60 22 60 8 

50 60 22 60 50 60 36 

50 | 24. 60 50 61 18 61 4 


S. W. by W. 300 m=166.8 8 )249.6 Summary. 

Diff. Lat. 2° 47' S. Dep. 124.8 W.=249.5 Course. .S. W. by W. Diff. of Long. 8° 16’ 
Lat. left 58° 30' S. 2 Long. left. .178° 10° 
Lat.in 61° 17'S. )499.0 Ditiatiic. 25 186° 26’ 

119° 47’ Diff. Long...8° 19 W. Dep. ....... 250. 
Mid. Lat. 59° 54’ vl 61° 17' S. « Long. in... 173° 34! 

The Short Distances give Diff. Long....8° 16’ W. 

Whole Distance do 8° 19’ W. 

Long. in is i E. 


In this Example, by taking Short Distances on the same Course and finding the Difference of Longitude 
corresponding to each, and adding the whole together, there appears to be a difference of 3 miles between 
that and the Difference of Longitude found from the whole Course and Distance, the former being the correct 
Difference of Longitude, the Distance in this Example not being great. 


One Latitude, Course and Departure given, to find the Latitude and Longitude in. 
EXAMPLE 5. 


A Ship’ from Tuntifide, 88° 40’ S. and Longitude 1° 15’ W., sails N. E. 4 E. antil her Departure is 250 miles 
Required the Latitude and Longitude in, 


Course... .44 pts. and half the Departure, 125, gives half the Dist. 162, and half Diff. Lat. 102.8 
2 2 


254 j Metin, 42 go4 102 Dist. 324 Diff Lat. )205.6 
= Diff. Lat... 206 Mid. Lat. 87° and half the Dep. 125—=D. Long. 157 _ 8°.26' N, 
Soe Depa sj cley 250 of 2 Lat. left..... 38° 40’ S. 
Lat, in...35° 14'S, 314 Lak thee 2 35° 14’ S. 
Diff. Long. 5° 14’ E, Diff. of Long...5° 14” Ei: Satis fos. 13° $4’ 
Long. in. .3° 59’ EK, Long. left ..... i Br +1? 15! W. Mid. Lat. .... 86° 57’ 
™ Long. in)...’ 3° 59 E 


QUESTIONS FOR EXERCISE. 


Question 1.—A Ship from Latitude 25° 35’ N. and Longitude 60° W., sails N.N. E. 296 miles. Re- 
quired her Latitude and Longitude in. 
Answer.—Latitude in 30° 9' N. and Longitude 57° 52’ W. 


Ques. 2.—A Ship from Latitude 3° 10’ N. and Longitude 25° 0’ W. sails on a S. W. by S. Course untit 
her Latitude observed was 2° 16'S. Required the Distance run and Longitude in. 
Ans.—The Distance run is 392 miles and the Longitude in 28° 38’ W. 


Ques. 3.—A Ship from Latitude 30° 15’ S. and Longitude 178° 10’ E., sails ona N. E. Coutss until her 
Departure is 150 miles. Required the Distance run and the Latitude and Longitude in. 
Ans.—Distance sailed 212 miles, Latitude in 27° 45’ S. and Longitude in 178° 58' W. 


Ques. 4.—A Ship from Sandy Hook, in Latitude 40° 28’ N. and Longitude 74° 0' W., sails between the 
South and East until her Latitude observed is 37° 6’ N. and her Departure made good i is 500 pales. Re- 
quired the Course and Distance sailed and the Longitude in. 

Ans.—Course S. 68° E., Distance 540 miles, and the Longitude in 63° 16' W 
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| CASE II. 
Two L titudes and Longitudes given, to find the Bearing and Distance. 
EXAMPLE 1. 


Required the Bearing and Distance between Cape Henry, in Latitude 36° 56’ N. and Longitude 76° 0’ W., and 
the Island of Bermuda, in Latitude 32° 18’ N. and Longitude 64° 50’ W. 


Lat. Cape Henry....36° 56’ N. 36° 56’ N. Long. of Cape Henry...76° 0° W. 
Lat. Bermuda...... .82 18 N. 82 18 N. Long. of Bermuda.... 64 50 W. 
4° 38' 69° 14’ 11° 10 
60 34° 37’ Middle Latitude. 60 
Disk. Lat. in miles..... 278 Diff. Long. in miles... 670 


RoLs.— With Middle Latitude 34” 80” as a Course, taken out first with 34° and then with 35°, and the tenth part 
ef the Difference of Longitude, 67.0, in the Distance Columns, the tenth part of the Mean Departure, 55.2, will be 
found in the Latitude Columns. Then with this Departure, 55.2, and the tenth partof the Difference of Latitude, 
27.8, enter the Tables again, and where they are found to agree in their columns, gives the Course at the bottom 
of the page, 68°, because the Departure is greater than the Difference of Latitude, and the corresponding Distance 
epposite ig 61.5, which multfplied by 10 gives the Whole Distance, 615 miles. 

Henee the Bearing of Bermuda from the Cape is 8. 63° E., because the Latitude and Longitude of the former ia 
to the Sonthward and Eastward of the latter, and the Distance beween them is 615 miles. 


‘Two Latitudes and Longitudes given, to find the Course, Distance and Departure. 


EXAMPLE 2. 


A Ship from Latitude 30° 15’ N. and Longitude 45° 20’ W., sails between the North and West until by observa- 
tion she is in Latitude 33° 45’ N. and Longitude 50°10’ W. Required the Course and Distance made good, and her 
Departure from the Meridian. 


PemOUlem ty ae, OO Wet) dts Leib cS)” LON css cvs baa ewals Rear viaje oe Ong el. )s o.45° 20!" W’. 
= Dist.. ....322 Latcni as a 83 45 N. Lat left....30° 16’ N. Long. in..... 50 10’ W. 
& Diff. Lat..210 3° 30’ Lat. in.....383 45 N.  Dite Long.....4° 50! 
Q Dep..... 246 60 SUN: hs o/s 64 .0 60 
Diff. Lat... .210 N. Mid. Lat... . .82° as a Course, and 290 inthe Distance 


eolumn gives the Departure in the Latitude column 245.9. Then with half the Difference of Lati 
tude, 105, and half the Departure, 123, found in their columns, where they agree nearest, ard the Course must. be 
taken from the bottom of the page at 50°, (because the Departure is greater than the Difference of Latitude,) and half 
the Distance ig found opposite to be 161, which doubled gives 322 miles. Hencc the True Course and Distance 
sailed is N. 50° W., or N. W. 4 W., 822 miles, and the Departure from the Meridian 246 miles, 


One Latitude and Longitude, with the Difference of Letsuue and Departure given, to find the Latitude and 
, Longitude in, and the Bearing and Distance of the Intended Port. 


EXAMPLE 3. 


A Ship from Montauk Point, in Lat.41° 4’ N. and Longitude 71° 51’ W., and bound to Santa Cruz (one of the 
Cape Verd Islands) in Latitude 17° 2’ N. and Longitude 25° 15’ W., sails between the South and East until she has 
made 300 leagues of Southing and 400 leagues of Easting. Required the Latitude and Longitude in, and the 
Course and Distance to her intended port. a3 


Course. .S. 58° E. _—Diff. Lat. 800 Leagues. Dep. 400 Leagues. 
Dist. 1500 miles sailed. 3 3 


Diff, Lat. in miles...... ) 900 Dep. in miles.1200 The tenth part of the DéParture, 120, found 
per. THe in the Lat. column, of the Middle Latitude, 
Lat. Montauk Point..41 4 N. 33, gives the 10th part of the Diff. ee ie 
aa so, Dist. column, 143. Middle Lat. 34°, in like 
Lat, of the Ship..... 26s AEN " manner gives 145, the mean of which is 144; 
Sum". Jf cera ea oe 67° 8 this multiplied by 10 gives the proper 
Mid) Lat.4001. chk 83° 94! 3 Diff. of Long.)1440 miles. 
Lat. of the Ship 26° 4 3 aaa DOH oie see of ate C8 24°%..0° FE 
“ SantaCruz 17 2'°N. Lat. 26° 4’ N. Long. of Ship 47° 51’ W. Long. of Montauk Point. 71 51. W. 
Diff. Lat....... 9° 2’ Lat.17 2 N, | “SantaCruz 25 15 W. Long. of the Ship ...... 47° 51' W 
60 Sum 43° BT Diff. Long.. Me 36’ 
Diff. Lat..... 542 Mig Lat o1° 33 60 with Mid. Lat.21° and 22°, and the tenth part of the 


$$ _———__—_—_—_—_—————————— | Diff. Long. 135.6 in the Dist. column, the tenth part of the Departure 
126, is found in the Lat. column. Then with the tenth part of the Difference Latitude 54.2, and the Departure 126, 
the Course to Sania Cruz is found to be S. 67° E. or E. S. E., and the Distance 1870 miles. 


Nore.—The rule in the Epitomes, which directs that half the Difference of Latitude between two places on opposite 
sides of the Equator must be used for the Middle Latitude, being incorrect, (as may be perceived by inspecting Fig. 15, 
page 20,) the deficiency is supplied by the following Rule : (See Example 4, which is worked out in the following page.) 
Add the half of the Greater Latitude to the half of the Less Latitude, and take their half Sum for the Middle Lat‘tude. 
[f one Latitude be great and the other small, take the half of the Greater Latitude alone for the Middle Latitude. The 
Example referred to comes out exactly the same by Mercator’s Sailing, which proves this Rule to be correct. But when 
the Ship sails a greater distance on one side of the Equator than on the other, a greater weight should be giveu to that 
Latitude which corresponds to the greater distance. (See the Last Example in this Sailing.) 


24 MIDDLE LATITUDE SAILING. 


Two Places, whose Latitudes and Longitudes are of contrary names, given, to find the correct Bearing and 
. Distance between them. 


EXAMPLE 4. 


Required the Bearing and Distance between New York, in Latitude 40° 43’ N. and Longitude 74° 0’ W., and the 
Cape of Good Hope, in Latitude 34° 22’ S. and Longitude 18° 30' E. ; 


Lat. of New York. ...40° 43’ N. Half of the greater Lat... ..20° 21’ Long. of New York....74° 0° W 
“ Cape G. Hope.. 34 22 8S. : “*'” less DORcanae AT 1 “Cape Good Hope.18 30 KE. 
| 15° 5 Sum... 2. soe coor oe oss eee oe RSC 

60° Half Sum for Mid. Lat.....18° 46" 60 

Diff. Lat. in miles... .4505 Diff. Long. in miles... .5550 


In this Example we have to take the 100th part of these Sums to get into the Tables, as follows: With 
Middle Latitude 19° as a Course, and the 100th part of the Difference of Longitude, 55.5, in the Distance 
Column. By taking parts we get the Departure in the Latitude Column, 52.45. Then with this Departure 
and the 100th part of the Difference of Latitude, 45.05, enter the Table again, and they are found to agree 
to the Course 49°, and Distance 69°. Multiply this Distance by 100, which is the Distance required. 

Hence the Bearing of the Cape from New York is S. 49° E., or S. E. + E., nearly, and that of New York 
from the Cape N. 49° W., or N. W. } W. Distance 6900 miles. 

This Example, worked by Mercator Sailing, comes out the same as above; but by the Old Rule, half the 
Difference @f the Latitudes in this case would be 3° 10’ for the Middle Latitude; which is manifestly — 
incorrect. 


The following Example, though not of much practical utility, may exercise the learner. 
EXAMPLE 5. 


A. Ship from 36° 32’ North Latitude. sails between the Soutn and West until she has made 480 miles of Departure 
and 560 miles Difference of Longitude. Required her present Latitude, Course steered and Distance run. 


Rvtz—Enter the Table with the 10th part of the Departure, 48, in the Latitude Column, and the 10th part of 
the Difference of Longitude, 56, in the Distance Column, they are found to agree to the Course at the Top of 
the page, 31°, and which is the Middle Latitude the ship has sailed in. Take the Difference between this Middle 
Latitude and the Latitude left, which is 5° 32’, and subtract it from the Middle Latitude, because the ship 
has been sailing Seuth, will give the present Latitude, 25° 28’ N. 

Take the Difference between the Latitudes sailed from and come to, which is 664, and the Departure, 480, 
enter the Tables with the tenth part of the Difference of Latitude, 66.4, and the Departure, 48.0, found in their 
respective columns, the Course is found to be 36°, and the Distance 82, which multiplied by 10 gives 820. Hence 
the Latitude in is 25° 28' N., and the Course S. 36° W,, or S. W.25S., Distance 820 miles. : 


Diff. Long. 56 and Dep. gives the Mid. Lat, 31° 0’ Lat. left. .86° 32’ N. 
Lat. left..36° 32’ Lat. in...25 28 N, 
Diff. between Mid. Lat. and Lat. left...... 5° 32'N, bahay . 
| Mid. Lat..31 0 60 | 


Lat. in. ..25° 28’ N. Diff. Lat. 664 and Dep. 480—Course 8S, 36° W., Dist. 820 m 


QUESTIONS FOR EXERCISE. ; 


Question 1.—A Ship from Latitude 60° 10’ N. and Longitude 30° 15’ W., is bound to a Port in Latitude 
49° 10’ N. and Longitude 50° 10' W. Required the Course and Distance. 
Answer.—The Course is 8. 46° W., or S. W., nearly. Distance 950. 


Ques. 2.—A Ship on the Equator, in Longitude 25° 40’ W., and bound to the Port of Rio Janeiro, and 
wishing to shape a Course for Cape Frio, in Latitude 23° 1‘ S. and Longitude 41° 50' W. Required the 
correct Course and Distance to it. 

Ans.—The Course is 8. 35° W., or S. W. by S., nearly, and Distance 1685 miles. 


Ques. 3.—Required the Bearing and Distance between the Cape Verd Islands, (say Cape St. Anthony,} 
in Latitude 17° 12’ N. and Longitude 25° 19’ W., and the Island of St. Helena, in Latitude 15° 55’ S. and 
5° 45’ West Longitude. 

Ans.—Bearing is S. 30° 30’ E., and Distance 2300 miles. 


Ques. 4—Required the Bearing and Distance between Cape Horn, in the Latitude of 55° 59’ S. and Lon- 
gitude 67° 16’ W., and San Francisco, in Latitude 37° 48’ N. and Longitude 122° 21' W. 
Ans.—The Bearing is N. 27° W., and the Distance 6300 miles. 


Norr.—In the last Example, half the greater Latitude is taken as a Middle Latitude and which is increased oy 2°, 
hecause the greatest distance had to be run to the Southward of the Equator. The Middle Latitude allowed is 80. 


MERCATOR’S SAILING. 


This Sailing is used for the same purposes as Middle Latitude Sailing, and is more correct in long 
distances, except when the Course is large; that is, near the East or West points. 

Mercator Sailing is the Art of finding on a Plane Surface the position of a Ship, which shall be true tn 
Course, Distance, Latitude and Longitude. ’ 

This method is derived from the Projection of Mereator’s Chart, in which the Degrees of Tometide are 
every where equal, the Degrees of Latitude expand towards the Poles, and the Parallels, Meridians, and 
Rhumb Lines are all represented by straight lines. In Middle Latitude Sailing the Meridians contract 
and meet at the Poles, and the length of the Degrees of Longitude also decrease from the Equator towards 
‘he Poles. But in Mercator Sailing the Meridians are all parallel to each other, and a Degree of Longitude 
is 60 miles in length, measured on the Equator, in all parts of the World. To remedy this, the Degrees 
of Latitude are expanded from the Equator towards the Poles, and the miles of Latitude grow larger ; so that 
in the Latitude of 60° the miles of Latitude are twice the length they are on the Equator, and the Degree 
of Longitude is only 30 of these miles long ; near the Pole one mile of Latitude is nearly the length of 60 
miles on the Equator, and the Degree of Longitude only 1 mile long. But as the Polar Seas are not navi- 
gable much above 80°, Charts or Tables on this projection are rarely published beyond that parallel. 


° 


DIAGRAM OF MERCATOR’S SAILING, , 


Showing the Expansion of the Parallels of Latitude for every 10 Degrees, and the Meridians (or Parallels 
of Longitude) all Parallel to each other at 10 Degrees Distance. 


Fic. 16. 
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PROJECTED BY THE FOLLOWING TABLE, 
And the Measurements taken from the Degrees on the Equator. 
From the Equator to Lat. 10° the Expansion i is 0° 3’ Distance of 1st Parallel from the Equator 1 is 10° 3” 


From Lat. 10° to 20 , 0 25 e 2d 20 25 
u 20 to 30 te L238 3d os $ 31 28 

& 80 to40 , - 3 43 bal 4th ~ a 43 48 

be 40 to 50 © 1 54 * 5th ‘ 1g 5T 54 

i 50 to 60 . 15.52 6th * ss 15 27 

60 to 70, ve 29 26 = Tth rs Z 99 26 

ss 40 to 80 vA 59 35 a Sth . . 139. 35 


Nors.—The Caleulations in this Sailing are pertormed by the help of a Tablo of. Meridianal Par ts, (Table III.,) show- 
ing the Expansion of the miles of Latitude from the Equator towards the Poles. 

Io find the Meridianal Difference of Latitude. When the Latitudes are of the same name, take the difference of the 
Meridianal Parts for the two Latitudes. When of contrary rames, take the sum of the Meridianal Parts, 


26 MERCATOR’S SAILING. 
CASE I. 
One Latitude and Longitude, Course and Distance given, to find the Latitude and Longitude tn. 
EXAMPLE 1. 


A Ship from Latitude 52° 6’ N. and Longitude 35° 6’ W., sails S. W. by W. 256 miles. Required her Latitude 
and Longitude in. z 

Here, as in Middle Latitude Sailing, the Difference of Latitude and Departure are found from ths Course 
and Distance by the rules in Plane Sailing. 


Course S. 5 pts. W., 
and Distance 256 miles § gives the Difference of Lat, )142 and the Dep. 213. 


Diff. Lat. in Degrees. .... 2° 22’ §. 
Seite Tate's en's waif ace 9 ha eek ye ee a Meridianal parts... .38675 l Table UL 
Ridt beer ta x. see £97 AON oe Meridianal parts. . . .8450 } 


Rurz.—With the Course 5 points, and the Meridianal Difference of Latitude 225 in the Difference. 
ef Latitude solumn, (here we find it to be too great for the Tables,) we take the half, 112.5. Then half the Diff of 
Longitude, 168.8, is found against it in the Dep. Column, which doubled gives the whole Diff. of Long. )337.6 


Diff. of Long. in Degrees....... va why oat Ae mnet te BNA e Cesithe cat shu peices neni 5° 38 W 
Long, Teh fii o's cisieinee cr.ais 6 <' s 5 0's a orang MEa es PS en oo hla: aC ML Sen ar 35° 6! W. 
Long, ‘it 5js Soc Mad kia ed ole oe cic gs Oa a ee ane eS 2 We eee harn caer kins 40° 44° W 


Two Latitudes and Course given, to find the Distance and Difference of Longitude. 
EXAMPLE 2. 


A Ship: from Latitude 49° 44’ N. and Longitude 40° 44’ W., sails N. E. hy E. until by observation she: is in Lati- 
tude 62° 6" N. Required her Distance run and Longitude in. 


TAL 1ETG. encom eae AG" 44° NW. Merid: partie 2.5... wake o's 3450 

do | RRR Rr A EN rs 52° 6° R. Merid. parte. . 22.0... ce cee ee 3675 

DE Date as anu ceckaica cee 2° 22" N. Merid. Diff. Lat. ........ ooo” 22g 
60 112.5 


Rute— With the Course 5 pts. and the Diff. of Lat. 142 in its column, then opposite to it.in the Dist. Column stands: 
the Distanee, 256 miles. Again, with the same Course, 5 points, and half the Merid. Diff. of Latitude, 1125, taken: 


Distance sailed, 256 miles; and Long, in... ..ccceee ec ec cece cee cenees 85° 6’ W. 


Two Latitudes and Distance given, to find the Course and Difference of Longstude. 
EXAMPLE 3. 


A Ship from: Latitude 3° 20” N.and’ Longitude 22° 30" W., runs 4 days between the South and West until her 
Latitude observed is 10° 40’ S. Her rate of sailing was 10 knots an hour. Required the Course she has: made and: 
her Longitude in. ’ . 

Lat. left. 2. wecccccwcguccenecaceusecceces & 20"M  Merid: parte... 206 Runof 4 days. 


Eatin. 2.22.0. wgadieksdedinnnainanwn 4s «+. 10° 40" S.  — Merid. parts.... 644 24 houra. 
Dif— of. Lat. eeeee * eeeneee @eeettoeoocooeaoeoeoeeeee 14° 0’ Mer. Diff Lat. . 844 96 hours. 
60 10: knots. 


Rutz—Eater the Table with the tenth part of Diff. Lat. 84.0, and the tenth part of the Distance, 96.0:miles,and. 
they will be found to agree at. Course 29°. Again, with the same Course, 29°, and the tenth part. of the Meridianal 
Difference of Latitude, 84.4, in the Latitude column, then the tenth part. of the Difference of Longitude is found in. 
the Departure column 47, whieh multiplied by 10 gives, 470, the whole Difference of Longitude. 

Diff, Longue Segrees s,s count ast nee eee 7° 50° W. 

Long letiate Avance eee aratss she pnasladeaas 22° 30’ W. 

The Course steered is S. 29° W. and Longitude in. .30° 20’ W. 


Note.—The above three Examples are the same as are used in Middle Latitude Sailing, and the answers cone ont 
the same by Mercator’s, and all the others may be done in the same way ; observing that we must use the Two Terins: 
viven, as in a case of Plane Sailing. Then with the Course made good, and the Meridianal Difference of Latitude found 
iz the Latitude colu:nn, the Difference of Longitude required is found opposite to it, in the Departure column. 


EXAMPLE 4. ° 


A Ship from Latitude 88° 40’ S. and Longitude 1° 15’ W., sails N. E. 4 E. until her Departure is 250 mues 
Required the Latitude and Longitude in.” 

The Course 44 points, and half the Departure, 125, in its column, half the Difference of Latitude is found to be 
102.8 in its column, which doubled gives 205.6, or 8° 26’, and the Latitude in 35° 14’ S. Find the Meridianal Differ 
ency of Latitude, which is 258. Then with the same Course, 44 points, and half the Meridianal Difference of Lati- 
tude. 129. half the Difference of Longitude, 156.9, is found in the’ Departur2 eolumn. The whole Difference of 
Longituce is 313.8, or 5° 14’, and the Longitude in 8° 59’ East. 
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CASE II. 
Two Lati:udes and Longitudes given, to find the Bearing and Distance. 


EXAMPLE 1. 


Required the Bearing and Distance of Cape Henry, in Latitude 36° 56’ N., and Longitude 76° 0’ W., and the Island 
of Bermuda, in Latitude 32° 18’ N., and Longitude 64° 50’ W. : 


Lat. of Cape Henry.......- 36° 66’ N. Merid. parts........ 2388 | Longiyeys <.: 76° 00’ W. 

Lat. of Bermuda.........- 32 18 N. Merid. parts........ 2050: + Long..'i.'..". 64 50 W. 
4° 38 Merid. diff. Lat ...... 338 S. (AL? IW. 
60 60 

Diff. of Lat. in miles...... .278 Diff. Long. in miles 670 


Rutr.—Seek in the Tables with the tenth part of the Meridian Difference of Latitude 33.8, and the tenth part of 
the Difference of Longitude 67.0 until they are found to agree in the Latitude and Departure columns, as if they 
were Difference of Latitude and Departure. If the Difference of Longitude be greater than the Meridian Difference 
of Latitude, the Course must be taken from the bottom of the page, but if less, from the top. They are found te 
agree in this case nearly to the Course, 63°. Then, with the tenth part of the proper Difference of Latitude, 27.8, 
in its column on the same page, will be found opposite to it, in the Distance column, the tenth part of the Distanee, 
61.5, which, multiplied by 10, gives the whole Distance, 615 miles. Hence, the Bearing is South 63° East, because 
Bermuda lies towards the South and East from the Cape, and the Distance is 615 miles. 


Two Latitudes and Longitudes given, to find the Course and Distance. 


EXAMPLE 2. 


A Ship from Latitude 30° 15’ N., and Longitude 45° 20’ W,, sails between the North and West until, by observa- 
tion, she is in Latitude 33° 45’ North, and Longitude 50° 10’ West. Required the Course and Distance made good. 


Dat left. v.50 « 30° 15’ N.  Merid. parts....... .1906 Long. left........ 45° 20° W. 
2 |: ea -33 45 N. Merid. parts........ 2168 Long 102) Su tens 50 10 W. 
3° 80’ N. Merid. Diff. Lat. .... 247 4° 50’ W. 
60 . 60 
Diff. Lat. in miles. . 210 Diff. Long. in miles. ..290 


Ruiz.—Seek in the Table, with half the Meridian Difference of Latitude, 123.5, and half the Difference of Lon- 
gitude, 145, and the nearest are found together at the Course 50°. Again, with this Course, 50°, and half the Differ- 
ence of Latitude, 105, found in its column, then half the Distance is found opposite to it in the Distance column, 168, 
which doubled, gives the whole Distance 326 miles. 

Hence, the Course made good is N. 50° W., or N. W.4 W. nearly. Distance 326 miles. 


“<0 Places, whose Latitudes and Longitudes are of contrary names, given, to find their Bearing and Distance 
between them. 
EXAMPLE 38 


Required the Bearing and Distance between New York, in Latitude 40° 43’ North, and Longitude 74° 0’ West, 
rxd the Cape of Good Hope, in Latitude 34° 22’ S., and Longitude 18° 30’ E. 


Lat. of New York........ 40° 43’ N. Merid. parts........2679 Long. of New York........ 74° 00’ W. 

Lat. of Cape Good Hope.34 22 §S. Merid. parts........ 2198 Long. of Cape Good Hope ..18 30 E, 
75° 05’ = Merid. Diff. Lat... ..4877 - 92° 30’ 

; 60 ; 60 

Diff. Lat. in miles...... 4505 Duff. Long. in miles ........5550 


Rorz.—Take the 100th part of the Meridian Difference of Latitude, 48.77, and the 100th part of the Difference 
of Longitude, 55.50, and seek in the Table until they are found to agree as Difference of Latitude and Departure, 
which gives the Co‘‘rse, 49°. Again, with this Course and the 100th part of the proper Difference of Latitude, 45.05, 
taken in the Latitu le column, then the Distance, 69, will be found opposite to it, which, multiplied by 100, gives the 
~yhole Distance, 69(/0 miles, and the Bearing South 49° East, or 8, E. 4 E. nearly. 


One Latitude, 'Yourse and Difference of Longitude given, to find the Distance and Difference of Latitude 


EXAMPLE 4* 


A Ship from Lititude 34° 29’ North sails South 41° West till her Difference of Longitude is 682 miles. Reqnired 
er present Latiti1de and Distance sailed. 
Ruitz.—Enter the Table with the Course 41° and the tenth part of the Difference of Longitude, 68.2, in the Dep 
column, opposite to which, in the Latitude column, stands the Meridian D*‘ference of Latitude, 78.5. 


Tate letteue css. .54° 29' N.  “Merdsparte: ae.) 2207 
Merid. Diff of Lat... 785 Subtracted from the Merid. parts of Lat. left 
Gives the Lat.in23 3’ N. = Merid. parts........ 1422 of the Lat. in. 
Diff. of Lat. .....11° 26’ 
60 * 


Course 41°, and D. L, 686 in the Lat. column, gives the Distance 910 miles. 
* This Example cannot be solved by Middle Latitude Sailing. 


2s MERCATOR’S SAILING 


QUESTIONS FOR EXERCISE. 


QuEstion 1, Required the Course and Distance from the Cape of Good Hope in Lat. 34” 24'S., and 
Long. 18° 32’ E. to the Island of St. Helena in Lat. 15° 55’ S., and Long. 5° 44’ W. 

ANswen. By Middle Lat. Sailing the Course is N. 50° W.,, neat Distance 1725 miles. By Mereator Sail 
ing the Course is N. 50° W., and Distance 17.25 miles. 


Question 2. A Ship from Lat. 60° 10’ N. ‘and Long. 30° 15’ W. is bound to a port in evs 49° 10° N 
and Long. 50° 10’ W. Required the Course and Distance. . 

ANSWER. By Middle Lat. Sailing the Course is S. 46° W., or S. W. nearly, and Distance 950 miles. 
By Mercator Sailing the Course is S. 46° W., or S. W. nearly, and Distance 950 miles. 


Question 3. A Ship on the Equator in he Long. of 25° 40’ W., and bound to the port of Rio Janeiro. 
Required to shape a Course to Cape Frio in Lat. 23° 1’ S., and Long. 41° 59’ W. Find the Course and 
Distance to it. : 

Answer. By Middle Lat. Sailing the Course is 8S. 35° W., Distance 1685 miles. By Mercator Sailing 
the Course is South 34° 40’ W., Distance 1683 miles. ” 


QuEsTION 4. Required the Bae and Distance between cist St. Anthony (one of the Cape Verd 
[slands) in Lat. 17° 12’ N. and Long. 25° 19’ W., and the Island of St. Helena in Lat. 15° 55'S. and Long. 
5° 44’ W. 

Answer. By Middle Lat. Sailing the Bearing is 8. 30° 30' E., Distance 2300 miles. By Mercator Sail- 
ing the Bearing is 8. 30° 0' E., Distance 2295 miles. 


QuEsTION 5. Required the Boek and Distance between Cape Horn in Lat. 55° 59’ S. and Long. 67° 16 
W.. and San Francisco in Lat. 37° 48’ N., and Long. 122° 21’ W. 

Answer. By Middle Lat. Sailing the Bearing is ‘N. 27° W., Distance 6310 miles. By Mercator Sailing 
the Bearing is N. 27° W., Distance: 6300 miles. 


Question 6. A Ship otk Lat. 29° 47' N., and Long. 24° 36’ W. sails S. 8. W. 2 W. 320 leagues. Re- 
quired her present Latitude and Longitude. 

Answer. By Middle Lat. Sailing the Lat. in is 16° 4’ N., and Long. 33° 36’ W. By Mercator Sailing 
the Lat. in is 16° 4’ N. and Long. 33° 34’ W. 


In the preceding examples, both by Middle rene and Mereator Sailing, we have always supposed the 
Ship to sail on a direct Course, but when she makes more than one Course they must be reduced to a single 
Course by the Traverse Table, and the Latitude and Longitude found as in the following example. 


Suppose a Ship from Latitude 32° 36’ N. and Longitude 61 
COURSE Dist. |NoRTH.JsouTH.|EasT.|west.| 45’ W., sails N. E. 36 miles, N. by W. 14, N. E. by E. ¢ E. 58, 
Pite N. by E. 42, and E.N. E. 29. Required her Latibade and Lon- 
iy gk ‘ gitude in 
N, Esc ees 86 | 25.5... | 25.5, . . 
No by Wik away 14 DE ieee os peed 
rN. I. by EE. 9d SS ee sore te. ay Lael mie BY MERCATOR SAILING, 
-by Be. 1.21 42 | 41.2)......) 8.2)..-. Lat. loft ogee pum 32° 36'N. Mer. Parts, 2071 
EN. E......-| 29 | ie B68) seh o4.) Dit Lat 119, cee esee Oe 
[pitt Lat. 118 eI ‘hiatal a Liat itis wants Ue 34° 35 Mer. Parts, 2214 
or 1° 59'N, 2.1 Mer. Diff. Lat, 143 
Lath heft scares 2 32 36 Dep. 109.0inthe Lat. Djff. of Lat. 118.8 and Dep. 109, gives the course42°30" » 
ABTG AU fee's CP tet 34 35 Column the D. Long. 131. This rigs i ee ne ee if. is ae pie * the i col- 
o 
Sum..j :.s0. +s. 67 LL" Isifound iin’ the Distecol.a.0). i een e po Ae BEES 80 755 
Middle Lat......... 83 85==D Long. 181 2° 11’ E. Long. left 61 45 W 
Long. left....61 45 W. L oe Le tot at fees sr W. 
Long. in....59°34W. ts 
Lat, 118.8 and Dep. 109 gives the course N. 42° 30 E. 
Dist...... pf doce 8s obs Wiel Sime acct 161 miles. 
Fs DIERDABD sesh es pidh, H8t sued Bian 119 N 
B “Dep. iraasisteaie wataiare s Giateinious wib sisiaie miadeaens 109 E. 
§ Liat..10 °) sddaaelivs BME ga sila 28s Uoen' ee a 34° 36' N 
Dif ong: aie sy heise aime s Fh halv siny S- 2°11 E 
cage Ane ea ea 69° 34 W 


CURRENT SAILING. 


Current Sailing is the most perplexing subject connected with Navigation, on account of the uncertainty 
in their direction and velocity. Even those which are ascertained to exist and are well established, have 
been known to change their rate of running frequently, and sometimes even to run in a contrary direction. 

The only safeguard is for the Navigator to be constantly on the alert, and to obtain his Ship’s Position 
from Celestial observations (when the weather will permit) as often as possible in the course of the 24 
hours, both by day and night, from the altitudes of the Sun, Moon, Planets or Stars, and comparing her 
pOsition so found with that given by the Dead Reckoning from time to time ; the difference between which 
will point out the direction and velocity of the Current from the effect it has had upon the Ship’s Course 
and Distance as given by the Compass and Log, provided the Compass is free from local attraction.* 

When a Ship is sailing in a known Current, the Course is sometimes changed so as to counteract its effect 
as much as possible, so that the vessel may be continued on her required Course. Or, when a Ship crosses 
a known Current obliquely, the direction or set of the Current is taken as a Course, and its velocity or drift 
per hour as a Distance, and which is entered in the Traverse Table, along with the Courses and Distarices 
the vessel may have made during that day. 


CASE I. 
Given, the effect of a Current acting ona Ship. Required, its Direction and Velocity. 


EXAMPLE 1. 


A Ship from Latitude 39° 25’ N. and Longitude 65° 10’ W., by Observation and Chronometer, and on the following 
day the Latitude in was 36° 40’ N. and Longitude 62° 30’ W., by Observation and Chronometer ; the Dead Reckon- 
ing carefully kept from her position at the preceding noon, gave the Latitude in 36° 02’ N. and Longitude 63° 18’ 
W. Required the Set (or direction) and Drift of the Current per hour. 


Lat. left........39° 25’ N. Lat left........ 39° 95’ N. Long. left...... 65° 10’ W. Long. left....... 65° 10’ W. 
Lat. by Obs.....36 40’ N. Lat. by D. Reck.. 36 02’ N. Long. Chron.....62 30 W. Long. D. Reck....63 18 W. 
Diff. Lat. by Obs. 2° 45’ S. D. Lat. by D. R.. 3° 23'S. D. Lon. by Chron. 2° 40’ E. D. Long. by D. R. 1° 52’ KE. 
aed DV ODS. osc aa Aes D. Long. by Chron. 2 40 
Ship Set to the Northward...........0.seeeee. 38 miles. Ship Set to the Eastward................ 48 m. 
[of Longitude. 
Middle Latitude 38° and Difference of Longitude 48’ in the Distance column, gives the Departure 388 in the Lati- 
tude column. Then the Difference of Latitude, 38 miles, and the Departure, 38 miles, gives the Course or Set of the 
Current N. 45° E., and the Drift or Velocity 54 miles in 24 hours, or at the rate of 2} miles an hour. 


; EXAMPLE 2. 


At 6 A. M. the Latitude observed was 28° 10’ N. and Longitude 55° 10’ W.,and at-6 P. M. the Latitude observed 
was 22° 03’ N. and the Longitude by Chronometer 54° 01’ W. In the interval the Ship had made a Course good 
S. 60° E., and the Distance run by Log, 115 miles, which gives the Latitude in 22° 12’ N. and Longitude 53° 22’ W. 
by Dead Reckoning. Required the Set and Velocity of the Current. 


Lat. in at 6 P. M. by Observa......... 22° 03’ N. Long. by Chron. at 6 P.M..... 54° 01’ W. 
Peauby Dead Reckon........<..-- 22 12 “ by Dead Reckon....... 53 22 
Ship set to the Southward,......... Pree 9 miles. Ship Set to the Westward........ 39 miles of Longitude. 


With Middle Latitude 23° as a Course, and Difference of Longitude 39 miles, the Departure 35.9 is obtained. 
Then with Difference of Latitude 9, and Departure 36, the Course or Set of the Current is found to be S. 76° W.,, or 
E. by 8.£58,, true, and the Distance, or Drift of the Current, 37 miles in 12 hours, or 3 knots an hour, nearly. 


EXAMPLE 3. 


A Ship in the Gulf of Florida, in Latitude 25° 44’ N. and Long. 79° 28’ W., the Gun Key Lights in sight, bearing 
East. distant 13 miles, shaped a true North Course at 8 o’clock in the evening, her rate of sailing all night being 6 
knots an hour. At midnight the Latitude oberved by Stars North and South of the Meridian was 26° 24’ N, and 
at 4 A.M. the Latitude observed by Meridian altitude of the Moon was 27° 08’ N,, and at 6 A. M. the Latitude 
observed by the planet Venus was 27° 28’ N. and the Longitude by Chronometer 79° 20’ W. Required the 
Velocity of the Stream at the various intervals, and the direction. and drift of the Current from 8 o’clock in the 
evening until 6 o'clock next morning. 


Course from 8 P.M. to Mid’t, North............ 24 miles. From Midnight to 4 A. M. Dist. run..... «...24 miles. 
Lat. left, 25° 44’ N., Lat. obs, 26°24’ N., Diff...40 Lat. Mid. 26° 24’ N., Lat. 4 A.M.27°8' N., Diff. 44 
Northerly Set in 4 hours... 60. cee eee cece ns 16 miles, Northerly Set in 4 hours,...............-.-. 20 miles. 
Position of the Ship at 8 P.M, Lat.......... 25° 44’ N. Long.......... as ett oa. Ws 

ae ue at.6 A. M., Lat. ero eo eeee eee oT 28 ROOT Enis h wes aa "9 20 W. 

1° 44’ Diff. Long........++++++--8 equal to 7 miles Dep. 

60 
Diff. Lat. by observation in miles.......,.....104 
Dist. run from 8 P.M. to 6 A.M, 10 h. at é ‘knots 60 . 
Ship Set to the Northward..........- Sa dare 44 miles, and to the Eastward -7 miles. This gives the Course 


or true direction of the Current N. 9° E., and the Distance or Drift in 10 hours, 45 miles, or at the rate of 44 milee 
an hour. ; 


* An error in the reckoning is frequently caused by local attraction affecting the Ship’s Compass, and mistaken for 
Current, where none exists. (See page 120.) 
s 


80 CURRENT SAILING. 


When a Current is ascertained to exist, either from recent observations or from the proximity of the Ship's 
Position to where a certain Current runs, whose rate and drift is known, it is allowed for in the day’s work 


as follows : 
CASE II. 


The Direction and Velocity of a Current given, to find its effect on the Ship. 
EXAMPLE 1. 

A Ship from Latitude 39° 25’ N. and Longitude 65° 10’ W., by observation and chronometer, makes a Course 
good'S. 23° 30’ E., and Distance 222 miles, until the Noon of the following day, during which time a Current has 
been setting to the N. E. (true) at the rate of 2, miles per hour. The Latitude observed at Noon was 36° 40’ N. 
and Longitude by Chronometer 62° 30’ W. Required the position of the Ship by Dead Reckoning, allowing for the 

rent, P 


COURSE. DIST. NORTH. S80UTH. KAST. 

South 23° 30’ Hast. 0.00500. 0106 jo ape DER daielctak ls Ned eae BOS ye. Sheree 88 

N. E. Current 24 h. at 2} knots drift.|.54..]........ SS. Javaces ee oleiene Nie 6M Renee 
Diff. Lat...38...... 203 S.......Dep.126 with M. Lat. 38° 

s 38 N. gives the Diff. Long.. .160 
. ‘ )165 or 2° 40" E 
Diff Lat made ts caer: see se os 2°.45’ S. Long. left...... 65 10 W 
Liat. lefts. sos snags cae mies ain oe 39 25 N. Long. by D. Rec. 62° 30’ W. 
Position of the Ship at Noon, Lat. in........ secccccecceceeee 36 40’ N. by Dead Reckoning. 
EXAMPLE 2. 


A Ship fromLatitude 23° 10’ N. and Longitude 55° 10’ W., sails 12 hours on a true Course S. 60° E., 115 miles, 
and during which time a Current has been setting her to the W. byS.35S. (true) at the rate of 3 knots an hour 
Required the Latitude and Longitude in. 


COURSE. 
BSCE SES ee ON ae ee oe 
South G0 Munst os cass alee als cine ess ‘ 
Current W.by 8.$5S.,12 h. at 3 knots|.. 


Difference Latitudes. 4.0: 5 2 = «- 5. .. .99.6..Dep.. .35.0 

Difference Latitude made.... 1° 17'S. 35.0 

Lat. left. .........cee seers 23 10N...Dep..64.6 Gives Diff. Ln.69 == 1° 09’ E. 
Lat. in by D. Reckon........22 03N Long. left.........55 10 W. 


Long. by D. Reck. 54° 01’ W. 
CASE III. 
Given, the Bearing and Distance of the Port, and the Setand Rate of the Current, it is required to shape the 
- Course so as to keep the Port on the same bearing. 


Rutz— When the Bearing of the Port and the Set of the Current are nearly at right angles to each other, or the 
Current sets obliquely across its direction, take their Sum. But when it runs in the same or opposite directions, take 
the Difference. 

With this Sum, (or what it wants of 16 points, or 180°, if it exceeds 8 vojnts, or 90°,) or Difference as a 
Course, and the Rate of the Current as a Distance, find the Departure. 

With this Departure as Departure, and the rate of the Ship’s Sailing as a Distance, find the Course. 

This Course being applied to the bearing of the port on the opposite side to that towards which the 
Current is drifting the Ship, gives the Course required. 


EXAMPLE 1. 
The Port bears 8S. 45° W., the Current sets S. E. by S.,, or S. 34° E.,, 3 miles an hour, the Ship’s rate of sailing Lu 
knots an hour. Required to shape the Course so as to keep it on the same Bearing. 
Bearing of the Port 8. 45° W. 
Current oblique... 5.34 E, 


Take their Sum, 79°, as a Course, and rate of the Cnrrent, 3 miles, as Distance, gives the Departure, z.v. 
This Departure and the rate of the Ship, 10 miles, as Distance, gives the Course, 17°. This applied to the righ, 
or added to the bearing, 45°, gives the Course, S. 62° W.; because in facing towards the 8. W. the running of the 
Current is towards the 8. E. by S., or to the left of tbe bearing of the Port. 


EXAMPLE 2. 
The Port bears N. 45° E, the Current South, 3 knots, rate of sailing 8 knots. Shape the Courseso as to keep the 
Port on the same bearing. 
South giving no angle, the first Course is 45°, which with Distance, 8 knots, gives Departure, 2. The Distance, 
or rate of sailing, 8, and Departure, 2, gies Course, 15°, which applied to the left of the bearing, gives N. 30° E.; 
because in facing towards the N. E. the Current is setting to the right of the bearing. 


EXAMPLE 8, 

The Port bears E, the Current sets S. W. by S., 3 knots, rate of sailing 4 knots. | East is 8 points, or 90°, whuch 
is one of the opposite quarters toS. W. The Difference between them, which is 5 points, as a Course, and Distance 
3, the rate’of the Current gives the Departure, 2.5. This Departure, and Distanee, 4, (the rate of the ship,) gives 
the Course, 39°.- which applied to the Nett of East, the bearing of the Port, gives the Course to be steered N. 51° E 


EXAMPLE 4. 

The Port bears N. 82° E,, the Current S. 10° W. 4 knots, Ship’s rate of sailing 3 knots. N. E. and S. W, being 
opposite points, the Difference is 72°, as a Course, and rate of Current 4, as Distance, gives Departure, 3.8. This 
Departure being greater than the ship’s rate of sailing, 8 knots, which is impoésible, shows that the Ship cannot 
maintain the bearing of the rori. . 


* 


31 
OF THE SHIP'S POSITION. 


TAKING DEPARTURES, OR FINDING THE POSITION OF THE SHIP FROM THE BEARING 
OF KNOWN OBJECTS ON THE LAND. 


CASE I. 
’ By a single Bearing and estimated Distance. 


Set the Bearing by the Compass, and estimate the Distance off. This is the common method, and 4 
person may soon acquire the tact of estimating Distances with much precision by adopting the following 
suggestion : Compare the Distance required, in your mind, with the known Distances of the surrounding 
objects, in a locality which is well-known and familiar to you, and take the one that seems to correspond 
nearest to the required Distance. ; 

Rute. To find the ship’s Position, take the opposite point tu the bearing of the object, correct for maghetic variation. 
Enter the Traverse Table with it as a course and the estimated distance, and find the Diff. Lat. and Dep. 
Take from the Table of Positions the Latitude and Longitude of the object. Apply the Diff. of Lat. to that Lat. 
vhich will give the Lat. of the ship. Then with Mid. Lat. as a course, and the Dep,, find the Diff. of Long. This 
applied to the Long. of the object will give the Long. of the ship. : 


EXAMPLE 1. 


The light-house on Neversink bore W. by N. 4 N. 20 miles. Magnetic Variation + point Westerly. Required the 
position of the ship. 


Bearing W.by N3N. Lat. of Neversink....... ‘.... 40° 238’ N. Long. of Neversink...........:... 78° 59° W. 
Opposite pt. E.byS.4S. Var.¢pt—E.4.8.20m. DL. 0 4 8S, Dep.196E Mid. Lt.40°givesD.Ln. 0 26 KE. 
Latitude\of, Ship... 3... 5... 40° 19'N. Longitude of Ship............... 13° 33'W 

EXAMPLE 2. 


Barnegat light-house bore N.4E. 12 miles. Variation 4 pt. Westerly. Required the position of the ship. (This 
is useful in rateing a chronometer.) 


N.4E. opposite pt.S.4 W. Var. + pt. “W.—South 12 miles. D. Lat. 0° 12'S. Dep. 0 D. Long..... 0° 0 
Lat. of Barnegat...... 39 46 N. Longitude.........74 6’ W. 
Latitude of the Ship. 39° 34’N. Long. of Ship..... 14° 6’ W 
EXAMPLE 3. 


Neversink light-houses bore by compass W }N. 20 miles, Variation 4 point W. Required the position of the 
ship. 

Bearing W.4N. Opposite pt. E.4S. Var. 4 pt. W.—E.20m-==D.Lat. 0° 0’ Dep.20M1.L.40°—=D.L. 0°26’ EB 

. Lat. of Neversink 40 23 N. Long. of Neversink...... 73 59 W. 

Lat. of the Ship 40° 23’N. Long. of the Ship. ...... 73° 33/W- 


A ship on leaving the land and commencing a voyage, her departure is taken from the bearing of an 
object whose position is known, and its estimated distance off, similar to the above, the opposite point. to 
which is taken as a course, and being corrected for the variation of the compass, it is entered into the 
Traverse Table, along with the other courses:and distances the vessel has sailed, up to the following noon. 
Her position is then deduced from the Latitude and Longitude (taken from the Table of Positions) of the 
object she took her departure from. ¥ 


CASE II. 
By two Pearings of different Objects at right angles to each other. 


Roxx. To find the Ship’s position, the object bearing true East or West, gives the Ship’s Latitude, and the one 
bearing true North or South gives the Ship's Longitude, because she is on the same parallel of Latitude as the 
former, and on the same meridian as the latter. 


EXAMPLE. n 
Barnegat light-house bore N.4 E,, and Little Egg Harbor Jight W. 4 N. Required the position of the Ship. 
Bearing N. + E. Var.4 pt. = true North. Long. of Barnegat...... 74° 6’ W.) Long. of the Ship 74° 6’ W 
Bearing W.4N. Var. 4 pt. W. = true West. Lat. of Egg Har. Light..39 30 N. tree of the Ship...89 380 N. 
CASE IIT. 
The Latitude of the Ship and the Bearing of a known Object given. F 


Rute. Enter the Traverse Table with the True Bearing of the object as a Course, and the Diff. Latitude between 
the Ship and the object in its column. The Distance will be found in its column—that is, the Distance of the objeet 


from the Ship. 
EXAMPLE. 


The Latitude observed was 40° 10'N. At the same time Neversink Highland bore N. W, 4 W. by Compaas, or 
N. W. by W. true. Required the Ship's distance off. ; 
True Bearing N. W. by W. or 5 points. Latitude of Neversink 40° 23’ N, 
. Latitude of the Ship 40° 10’ N. 


True Bearing 5 points asa Course and Diff. Latitude 13’ gives the Distance off 24 miles, ° 


32 FINDING THF SHIP’S POSITION. 
FINDING THE SHIP’S POSITION FROM TWO BEARINGS OF THE SAME OBJECT. 


CASE IV. 


Given the Bearing and Distance of the nearest Object from the Ship, and the Bearing and Distance of another 
from the first Object, to find the Bearing and Distance of the second Object from the Ship. 


EXAMPLE, 

The Bearing and Distaace of Neversink Light-house from Fire Island is known to be W. 8. W., true, 37 miles. The 
point at right angles to that Bearing is N.N. W. The ship having Fire Island Light on that Bearing, (allowing the 
variation of the Compass), and distant 15 miles, required the Bearing and Distance of Neversink. 

Enter the Traverse Table with 37 miles as Departure and 15 as Difference of Latitude, which will give the Course 
6 points and the Distance 40 miles. Add this 6 points to the bearing of Fire Island, which was N. 2 points W., and 
the bearing of Neversink will be obtained N. 8 points W., or due West, distant 40 miles. : 


TABLE FOR FINDING THE DISTANCE OF AN OBJECT BY TWO BEARINGS, AND THE 
DISTANCE BETWEEN THEM. 


DIFFERENCE BETWEEN THE COURSE AND THE FIRST BEARING. 


POINTS OF THE COMPASS. 


Diff. between 
the Course and 
2d Bearing 


s | si19 | 93] 10 


HE 
7712.30 
.50|1.87/2. 


.31]1.58}/1. 

-18)1.39}1. : 56 

. 08/1. 25)/1. A . 08/2 .60 

.00}1.14/1. : .76|2.11/2.61 

. 94/1 .06)1. : 53/1 .79|2.12/2.60 

; -90}1.00)1. , 39/1 .57|1.80/2.11/2.56 
.63)/0.71/0.'79}0. 87/0. 95)1. ; .27|1 .41/1.58)1.79)2 .08/2.50 

12 10. ‘ : .64/0.71/0.78/0.85/0.92/1. : .18)1.2911.41/1.57}1.76)2.03/2.41 
12} (0-43)0. é .65/0.71]0.77|0.83)0. 90/0. ; “Tilt 20ft 29d auld soll 721196 


Ruz Ist. To find the Distance of the object when the last Bearing was taken, enter the table with the number of 
points at the top, contained between the first Bearing and the ship’s head, and the number of Points at the side con- 
tained between the second Bearing and the ship’s head. At the angle of meeting take out the tabular number, 
which multiply by the number of miles of Distance made good by the ship. The result is the Distance in miles off 
shore at the time the last Bearing was taken. ‘ 


Rute 2d. To find the Distance when the first Bearing was observed, enter the table with the difference between 
these Bearings and 16 points; the second Bearing in this case must be taken from the top, and the first Bearing from the 
side column, Take out the tabular number corresponding and multiply it by the number of miles of Distance made 
good by the ship. The result is the Distance of the ship off shore at the time of the first Bearing. 


CASE 1. 4 


Finding the Ships Position from two Bearings of the same Object. 


EXAMPLE 1. 


At 8 P. M. Fire Island Light bore N. W. 4 N. by Compass. Ship’s course W., at the rate of 7 knots an hour, and 
at 10 P. M. the same light bore N.N. E.4 E. Required her Distance off at both stations? 


Ist Bearing N. W. 4 N. i .N. B.4 E. ; 

Course (Wade t Angle 44 pts. cokea woe Li t Angle 104 pts. gives the Tabular Num. 0.84 

Taken at the top of the Table. Taken at the side of the table. Dist.sailed2h’sat7knots 14m 
336 

The Tabular Number multiplied by 14, the Distance sailed, and the two right-hand figures struck off (being _54 

Decimals) gives the Distance off at 10 P.M. 112 miles nearly, or 11.76 

To find the distance off at 8 P. M.,, 

The first angle being ........ 44 points, the second angle 104 points The Tabular number is ......, 0.95 

Subtract from ..............16 “ subtract from 16 “ Distance sailed............... 14m 

Taken at the side of the Table 114.“ Taken at the top 54 ° 380 
95 


Gives the distance off at 8 P. M. 184 miles, or 13.30 
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EXAMPLE 2. 


At 6 P.M. Barnegat Light came in sight, bearing by compass S. W. by W. Ship sailed on aS. by W. 4 'W 
course, at the rate of § knots an hour, with a 2-knot tide in her favor, until 7h 30m P. M, when the same light 
was observed to bear N. W. by W. Required her distance off at both stations. 


Ist. bearing 8. W, by W. 2d bearing N. W. by W. 
Course S. by W.g W. A8!¢ 83 Pts Qourse S. by W. } W. | Angle 94 pts 


Taken at the top of the Table. Taken at the side of the Table, gives the Tabular Number....... 0.69 
| Distance sailed in 14 hours..12 miles. Multiply by .......-.. 15 
Add for tideves cc ates + 45 3 "845 

Distance made good........15 miles. - 6% 


The ship’s distance off the Light at 7h 30m P. M. is 10} miles, or 10.25 
To tind the distance off at 6 P. M,, , 


The first angle was 34 points, 2d angle 94 points. 
Subtract from LO Sub. from 16 <“ The Tabular Number is found to be ........... 1.08 
Take at the side 12} points. Atthetop 64 points. Distance made good. .............eeeeseeeees _ 15 
615 
10.8 


The ship’s distance off the Light when seen at 6 P. M., was 154 miles, o fo ak 


_ PROJECTION OF THE ABOVE EXAMPLES, 
Showing the Distances found by the Tables to be correct, as measured in the Dia gram. 
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#4 FINDING THE SHIP’S POSITION. 


* 


FINDING THE SHIP’S POSITION FROM TWO BEARINGS OF THE SAME OBJEOT. 
CASE II. 
Given, two Bearings by Compass of an Object on Shore, with the Distance sailed between them, to find the 
Ship’s correct Position an Latitude and Longitude. 
This case is useful in finding the Sea Rate of the Chronometer. (See page 155.) 
EXAMPLE 1. 


At 65 o'clock A. M., Neversink Light-House bore by Compass W. by 8.4S. Ship then sailed on a 8.4 W. Course, 
at the rate of 54 knots an hour, until 7 A. M, when the same object bore N. W. by N,, variation 4 point West. 
Required, the Ship’s Latitude and Longitude at the time of each Bearing. 


The Ist Bearing W. by S. 4S. by Compass. 2d Bearing N. W. by N. by Compass. 
Corr. for $ pt. W. var. is W. 5. W,, . Corr. for 4 pt. var. N. W. 4 N. eat 
Course S. 4 W. r South, Angle 6 pts. Courier devs. ces seus rae. Angle 123 pts 

Tabular Number....... 97 
2 hours at 54 knots=Distance sailed........ ul 


Distance off at time of 2d Bearing at 7 A.M.............. 10.67 miles. 
The op. pt. to the 2d: Bear. is S. E.4S., Dist. 10} miles, gives D.L. 0° 8’ S,, and Dep. 6.7=D. Long... 0° 8/45” E 


Lat. of Neversink,........ 40 24N. ~~ Long. of Neversink..73 58 48 W. 
At 7 A.M. the Lat. of the Ship was ..... 40°10 Ny andeLong. 5 52 10% See's 73° 50’ 3” W. 
To find the Position of the Ship at 5 A. M., or time of the 1st Bearing. 
lst Angple wast. cece. es anew ce 6 points. OM WARCTS AAS. sa s'sac cos Wise he 124 points, 
Subtract from cei cota steie seem > TAG at Subtract from... sam. ce oni ste Bien 
Takers sce 10 points at_the,side of the Table, and ............ 34 at the top. 
‘Pabular Numbers c's... 360 aoe 66 
Distance Sailed............- 11 
Dist. off at time of lst Bear.5 A. M........ .. 7.26’, or 74 miles, nearly. 
the op, pt. to 1st Bear. is E. N. E, and Dist. 74, gives Diff. Lat.... 0° 3'N. Dep. 67==D. Long. 0° 8’ 45” & 
Lat. of Neversink ........... 40 24 N, Long.... 73 58 48 W. 
At 5 A. M. the Lat. of the Ship was......... 40° 27' N. Long;,,....f8 600) a. We 


The Ship having made a true South Course, she has sailed on the Meridian of 73° 50’ 3’ West, and was in the 
same Longitude at 7 A. M.as at 5 A. M,, and her Difference of Latitude is equal to the Distance sailed. 


EXAMPLE 2. 

At Noon the N. W. end of St. Anthony (one of the Cape Verde Islands) bore S. E. by E. by Compass. Ship then 
sailed on a South Course, at the rate of 10 knots an hour, until 4 P. M., at which time it bore N. EK. by E.4E, the 
Magnetic Variation here being 14 points Westerly. Required the Lat. and Long. of the Ship at.the time of eack 
Bearing. 


The Ist Bear. S. E. by E. by Compass. 2d Bear. N. E. by E. 4 E. by Compass. 
Cor. for 14 pts. W. var. =E. by 8. 458. bs Cor. for 14 pts. var==N. E. : 
Course South, corrected—=S. by E. 4 E. Angle spits. True Course....S. by E. 4 E. Angle 10g p bas 
Le Tabular Number.......... ERS as 0.94 
4 hours at 10 knots..........*Dist....... 40 
me. Dist. off at the time of the 2d Bear. at 4 P. M....... 37.60 miles. 
The op. pt. tothe 2d Bear.is 8. W.,and Dist. 374 miles, gives D.L. 0° 26’ 80” S. Dep. 26.5==D. L. 0* 27° 40” W 
a Lat. of the N. W. Point of St. Anthony....... 17 12 0 N. and Long. do....25 19 0 W 
At 4.P. M. the Lat. of the Ship: was... s..dsewtsieesmetoeeces 16° 45’ 30”N. and Long....... 25° 46' 40 W 
Io find the Position of the Ship at Noon, or time of 1st Bearing. 
The lst Angle was.... 5 points. 2d Angle was... .104 points. 
Subtract from........16 “ Subtract from... 16 “ Tabular Ne... 1.00 
Take. 2... 11 points at the side of the Table, and .. 54 at the top. Dist. sailed... . 40 
Dist. off at time of 1st Bearing, or Noon,............. 40.00. miles. 
The op. pt. to the Ist Bear. is W. by N.4.N., and Dist.40—D. L. 0° 11/36" N. Dep. 38.3 W.==D. Long. 0° 40’ W 
Lat. N, W. Point of St. Anthony is........ 2 ON. Long.... 25 19 W 
Lat. of the Ship at Noon was........... 17" 23" 36°" NN. Long... . 25° 59’ W 


This method of finding the Position of the Ship when in sight of Land, by two bearings of the same 
object, will be found of great value, when a cross-bearing cannot be obtained. All that is necessary to do, 
\s to select an object, the position of which is given in the Table of Latitudes and Longitudes, and to take 
% correct bearing of it by the Ship’s Compass, and note the time by Watch; and after the bearing has 
altered not less than 3 points, take a 2d bearing and note the time by the Watch. Thus having the interval 
of time between the Ist and 2d bearings, and the rate of sailing per hour, the Distance sailed in the interval 
may easily be obtained, and the Ship’s correct Latitude and Longitude found, as explained in the above 


. 


Examples, at either of the Bearings. 

Tlus will be found of importance when the Ship’s Chronometers require to be verified, at times during 
4 voyage, when in sight of any known land. Because if the Sights are taken for Time, the Bearing of 
the Land can be taken at the same time, and another Bearing taken either before or after that time, with 


the Course and Distance run in the interval, will give the Ship’s exact Latitude ani Longitude at the time 
the Sights were taken. 
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TIDES. 


The Tidal Wave is caused by the joint Attractions of the Sun and Moon, but chiefly of the latter body, 
whereby the Sea is raised or drawn up by that power, in the form of a Swelling Wave, and following the 
motion of the Moon round the Earth. advances at a prodigious rate. ‘This Water does not, however, partake 
of any onward motion, but merely rises and falls, The motion of a Tide. Wave is represented by the 
fluttering of an Awning or the shaking of a Sail. 

If the Earth was entirely covered with water, the Course of this Wave would be from the East towards 
the West ; but as large Continents and Islands exist, which obstruct its free passage, it diverges into other 
directions, and the meeting with those obstructions causes the water to acquire a motion conforming to the 
direction in which the land lies ; but still, to a certain extent, under the goverging influence of the Sun 
and Moon, and branching off in all directions until it finds its level. 

The Interval of time which the Moon takes in passing the Meridian of any place, and Terni to the 
same again, consists of 24 hours 49 minutes, being the length of a Lunar day. This occasions two floods 
and two ebbs of the Tide Wave in that time. Therefore one flood and one ebb will occupy about 12 hours 
24 minutes, and the Flood tide will run 6 hours ‘12 minutes, and the Ebb in a contrary direction the same 
length of time. 

But as the Moon comes to the Meridian nearly an hour later every day, the time of High Water is that 
much later every day. When it is High Water on the shore, or when the Tide has done rising, it continues 
running longer in the offing. Three hours longer is called Tide and Half Tide, one hour and a half longer, 
Tide and Quarter Tide. . 

On the day of the full and change of the Moon, the time of High Water is noted at the various Ports and 
places of the World, and published in a Table, and which is called the Extablishment. of the Port or place. 
And all that would require to be done to find the time of High Water on any other given day, would be to 
add the time of the Moon’s Meridian passage to the Establishment of the Port. But on account of the 
irregular influence of the Sun and Moon, and other causes, together with the effect of gales of wind in 
accelerating or retarding the times of High Water, an approximate result only can be obtained from any 
general rule. In some parts of the world Local Tide Tables are constructed, containing the times of High 
Water at the various places on that Coast, predicted from long experience of tidal observations, and which 
is of great importance to vessels which are about to enter,a Harbor where there is a great rise "and fall of 
the Tide. In many parts of the world there is very little rise and fall ; * nevertheless, the tide runs with 
considerable velocity. 

And where a Bay or Inlet is exposed to the Set of the Flood Tide, which not having any outlet, the 
water naturally rises to a great height, as we see in the case of the Bay of Fundy, and other places. In 
inland Seas, such as the Mediterranean, Baltic, &c., which are composed of narrow stripes of water, there 
is not sufficient room for the formation of the Tidal Wave ; consequently, the tides there are scarcely 
perceptible. : 

In some rivers, which, on account of the great quantity of water they discharge, run longer and with 
greater velocity on the ebb, the flood tide is thereby kept back, until accumulating strength, it. rises like a 
wall above the level of the ebb, and advancing in the form of a Crested Wave, rushes upwards with great 
strength until it finds its level. This phenomena is called the Bore of the Tide. 

When the Sun and Moon are on the Meridian together, their actions concur, and the tide is higher 
than at any other time. The same holds good when they are in opposition to each other. These highest 
tides are called Spring Tides, and occur a day or two after New and Full Moon. But when the Sun and 
Moon are 90° apart, their actions, or power of attraction, neutralize each other, and the tide is lower than 
at other times. These are cal! ed the Neap Tides. 

The highest tides happen in the month of January ; because the Earth is nearer to the Sun and Moon 
then, than at any other time of the year ; consequently, the highest Spring Tides happen in that month. 

When the Moon’s Declination is 0, the tides are equally high on that day ; and while the Moon has North 
Declination the higest tides are in the Northern Hemisphere, when she is above the horizon, and the reverse 
when her Declination is South. The Tides rise highest at places where the Moon is in the zenith; they 

are also highest at the Equator and lowest at the Poles. 


The common method of finding the time of High Water is as follows: 
1. TO FIND THE MOON’S AGE. 
Poteackad together the Epact of the Year, the Epact of the Month, and the Day of the Month. The ‘a Sun, if 1t 


does not exceed 30, is the Moou’s Age; if the Sum exceeds 30, subtract 30 from it, and the remainder will be the 
Moon’s Age on that day of the month required. 
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» . TO FIND THE TIME OF THE MOON’S PASSING 1HE MERIDIAN 


Rurxz.—Multiply the Moon’s Age by 8, and point off the right figure under the days, then the left hand figure, or 
figures, will be the hours, and multiply the right hand figure (which was pointed off ) by 6, will be the minutes past 
noon when the Moon passes the Meridian. If the hours exceed 12, subtract 12 «ours from it, which will be the 
time of her Morning passage. 


TABLES FOR FINDING THE MOON’S AGE 


THE EBPACT OF THE YEAR. 


1858.) 1854. 1855.| 1856) 1857. 1858, 1859, 1860.) 1861.) 1862) 1863. 1864] 1865.) 1866.) 1867.) 1868.) 1869. 

ad. hop. be] dh. doch.| dod hoya ho) dh aad hee et de rk | Oba: Bone 

20.1 | 1. 8 {11.18 |28.10 | 4.12 [15. 3 (25.17 | 7.21 |18.12 {29. 3 ]10. 6 21.21 | 2.28 |18.15 | 24. 6 | 6. 8 jie. 
' | 


THE EPACT OF THE MONTH. 


Jan. | Feb. | March,} April. | May. | June. | July. | Aug. | Sept. | Oct. Nov. | Dee. 


dh, d. bh. d. h. dh, ash, d. h. d. h. d. h. d. h, d. h. d. hb. d. hb, 
0. 0 1.11 | 29.11 1.10 1.21 3. 8 3.20 Desk 6.18 7. 5 8.17 9. 4 


TO: FIND THE TIME OF HIGH WATER.—Ist Method. 


Rutz.—To the time of the Moon’s Meridian passage on the given day, add the time of High Water at the given 
lace on the Full and Change days, or, as it is called, the Establishment of the Port. Their Sum is the time of 
igh Water past noon on the given day. If this Sum exceed 12 hours 24 minutes, which is the interval between 
each succeeding tide, subtract 12 hours 24 minutes from it; or, if it exceed 24 hours 48 minutes, subtract 24 hours 
48 minutes from it, and the remainder will be the time of High Water in the afternoon of the given day, 


EXAMPLE 1. 
Required, the time of High Water at Sandy Hook, October 2, 1854, (Civil time.) 
D.H. Dm. 
Epact for the Year, 1854, is........ 1.8 Moon’s Age, October 2, 1854.......-eceseees 10.8 
% « — Month, October,...... 7.5 Multiply by........ 8 
Day of the Month, October,........ 2.0 8h. 2.16 
Moon’s Age........ 10.84.54 : 6 
Moon’s Meridian Passage..........+--- 8h.16_ 
Establishment of Sandy Hook........... 7 36 
Time of High Water in the morning... .. 15 51 


aes EXAMPLE 2. 


Required, the time of High Water at Cape Henry, December 6th, 1854, (Civil time.) 


D.He D.H. 
Epacet for the Year, 1854, is........ 138 Moon’s Age, December 5th,...... ahs, bases tee eh 
‘ “ Month, December,. .. .9.4 Multiply by........ 8 
Day of the Month, December,....... 6.0 13. 0.8 
Moon’s Age........ 16.7 one 
Moon’s Meridian Passage.......eceee.es- 13h. 2.0 

Establishment of Cape Henry........... 7 40 

Time of High Water in the morning....... 20 42 

Subtract..... 3 byob (kia 

Do. do. in the evening...... 8h.18 


As this Rule gives only a rough estimate of the Time of High Water, and may be as much as two hours 
in error, caused by the variation in the time of the Moon’s daily passage over the Meridian, and which 
varies from about 40 minutes to 66 minutes, at different times inthe year. This Rule assumes the interval] 

f her Meridian passage to be 48 minutes or four-fifths of an hour. It, however, may be useful when 
there is no Nautical Almanac at hand. 

The Second Method is more to be depended on. In this case the Moon’s Meridian Passage at Green- 
wich is taken from the Nautical Almanac, and corrected to the time of her passing the Meridian of the 
Ship, and which is further corrected for her Horizontal Parallax by the annexed Tables. 


FINDING THE TIME OF HIGH WATER.—2d Method. ~ 
. Rix, Take out the time the Moon passes the Meridian at Greenwich from the Nautical Almanae, for the day 


tequired, and apply the Equation of time the contrary way to the precept at the head of the column, which will be 
the apparent time at Greenwich of her Meridian passage. Enter the side table with the Longitude of the place, 
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. und take out a number of minutes, to be adaed to the Meridian passage if the Longitude be West, but subtracted 
if East, will be the App. time of the Moon’s Meridian passage at the place. Take out the Moon’s Hor. Parl. 
nearest to this time on the given day, from the Nautical Almanae Enter the Table below, with the time of the 
Meridian passage at the side and the Hor. Parl. at the top. and take out a correction to be applied as directed in the 
table, to the apparent time of the Moon’s Meridian passage at the place, to which add the establishment of the port, 
and the result is the time of High Water in the afternoon, if less than 12 hours. If it exceed 12 hours, it is the 
time of High Water next morning ; and to obtain the time for P. M. on the present day, subtract 12h, 24m. from it 
If the sum exceeds 24 hours, it is the apparent time of High Water P. M. the next day. For the P. M. of the pro. 
posed day, subtract 24h. 48m. 


Long. |Corr. 
f the} in TABLE FOR FINDING THE TIME OF HIGH WATER. 
Place.|Min. 
: 4 Moon’s | Moon’s Horizontal Parallax. Moon’s | Moon’s Moon’s Horizontal Parallax. Moon’s 
0 0 Mer. Mer. LIS ema ea a a a ya , Mer. 
10 1 Passage. 54! 56! 58’ Passage. || Passage. 54! 60’ Passage. 
20}; 38 - 
30 | 4 Add | Add | Sub 
40 | 5 hm/hm/{hm/{hmjhm hm /hm/{hmjhm/hm}]hwm 
50 | 6 ON Oun Or 2 Or 1 10 12 0 6 50 | 0 45 | 0 42 | 0 40 | 0 88 | 18 50 
60} 8 Sub. | Sub. 7 0| 0 8710 85] 0 84] 0 33] 19 O 
10 97 O20: 1-0-1 1 O04 10 (6 1 0 12 20 710] 0 29 | 0 28} 0 28} 0 27 | 19 10 
80} 10/0 40;0 8|;0107011]0 12 40 7 2010 22] 0 22) 0 22} 0 22} 19 20 
90/1211 0;0151016/}017]0 13 0 7 30/}015;015/]0 16); 017 | 16 80 
100 | 18 jj 1 20 | 0 22] 0 22] O 22; 0 13 20 740 1.0..8 00.9 1.0 11.1.0 121.19, 40 
110 | 14 || 1 40 | O 29} 0 28 | 0 28] 0 13 40 TOU at Oo Get Or: & fed G5 tin OF Polk ah DU 
120 | 15 || 2 0} 0 87 [0 35] 0 33 | 0 14 0 Add | Add | Add 
180 | 17 || 2 20; 0 48 O 41] 0 38] 0 14 20 8 010 910 4/0 170 1)20 0 
140 | 18 |} 2 40| 0 5C 0 46] 0 44/0 14 40 ‘| Add 
150119} 38 Oj] 0 56, 0 52] 0 49] 0 15 0 8 201017 }012]0 8/0 5 | 20 20 
160 , 21 || 8 20} 1 31{0 57] 0 53] 0 15 20 8 40 | 0 29 | 0 22|0 17} 0 18} 20 40 
170 | 22/8 40/1 8/1 2); 0 57) 0 15 40 9 0] 0 31 | 0 241019) 015} 21°:0 
Wei 284! £ On 11s 1 6) 2.110 16 0 9 30 | 0 36"; 0 29 | 0 238 | 0 19} 21 38 
4.30/118{/111}1 5)1 21/16 30 || 10 0] 0 85 | 0 27] 0 22|018]| 22 0 
Be O}-1 21,1138} 1 7) 1 31.17. 0 |} 10:80 | 0 30 ):0 23 | 018) 0.16 | 22 80 
| 5 80 | 1 18 Peet tel ago le? PTT B0nt lh 4 Ook 0728: HOT Tay 0; BB Os LO gE 23,60 
; 6 o0/113/1 6/1 1/0688 18, 0. || 11 80; 015.|,010;0 6) 0 4) 28 30 
' 6 20; 1 21{0.56 1] 0 53 | 0 50 | 18 20 Sub. | Sub. 
6 40 | 0 53 0 49/0 46/ 0 44/18 40 |} 12 0/0 6/0 2}0 110 38] 24 0 
EXAMPLE 1. 
Required the time of High Water at Sandy Hook, Oct. 2d, 1854. (Sea time.) : 
Moon’s Mer, Passage Oct. Ist, N. A............ 8h 11m Moon’s Hor, Parl. at time of the Mer. passage is 59’. Then 
Equa. of ‘Time the contrary way, add......... 10 with the Mer. pass at the side of the table, and between 
A : idian passage........... 8h 21m 58 and 60 at the top, the Corr. is............ Oh 16m 
The: of ‘Sandy Hook 74° Ww, ey RAPA! SEB 10 to be added to the Meridian PABAGEse sess es Sod 
App. ti ; . pass. at Sandy Hook. 8h 81n 8h 41m 
main: o8 the. BL. Mer, pe Me Ty a Add the Establishment of the place......... 7 35 
Time of High Water in the morning......... 16h 16m 
J SUDUWAREE. Sh cise ET Gidls aetock cere es fatale s 12h 24m 
At Sandy Hook, Apparent time of High Water, in the afternoon...... Re Rs a AS HE PIE 8h 52m 
EXAMPLE 2. 


Required the time of High Water at Cape Henry, December 6th, 1854. (Sea time.) 
Moon’s Mer. passage, December 5th, N. A..... 18h 8m  Moon’s Hor. Parl. at time of the Mer. passage 55’. Then 


Equa. of time the contrary way, add......... 9 with the Moon’s Mer. passage at the side of the table, and 
13h 12m between 54 and 56 at the top, the Corr.is.... Oh 22m 
Long. of Cape Henry 76° West, add........".. 190 Which, subtracted from the Meridian passage . 13 22 
App. time of the Moon’s Mer. eek. ... 13h 22 13h Om 
gan cae "Add the Establishment of the place. soso ea 7 40 
Ai Cape Henry, apparent time of High Water in the morning ....... ih Oe She Sr psc 20h 40n 
12 24 
‘ime of High Water on the afternoon of the same day ...°... 26.0.2. ee ee ees PSNR gre ty, fe “Sh 16% 


WINDS.  . 


The following short description of the prevailing Winds may be found useful, in the absence of the regu- 
ular sailing directions for the voyage, which should contain all the necessary information on this head: 

The Earth revolving on its axis from West to East, together with the greateheat near the Equator, caused 
by the Sun being always vertical in some part or other of the Torrid Zone, produces the Trade Winds. 

The motion of the Earth causes the Wind to blow from East to West, whilst the cold air rushing in from 
the North and South towards the heated air in the Tropics, produces the N. E. and 8. E. Trade Winds, and 
which blow continually in those directions. Their limits extend to about 30° on each side of the Equator, 
but near to the coasts of America and Africa they extend to 34° sometimes. The limits of the Trade 
Winds are very variable, even in the same months of the year. When the Sun has great North Declina- 
iion, their limits are considerably to the Northward of where they are found when the Sun has great South 
Declination. In the month of June, for instance, the Northern limit of the N. E. Trade may be found in 
about 30° North Latitude, and the Southern limit of the same in about 10° North of the Equator. A 
space of calms and rain-squalls intervene. Until the Northern limit of the 8. E. Trade is reached in 
about 4° North of the Equator, its Southern limit at this season extends only to about 20° South of the 
Equator. me 

In the month of December, when the Sun has great South Declination, the Nortnern limit of the N. kh. 
Trade Wind may be expected in about 20° North Latitude, and its Southern limit in about 4° North of the 

Equator. A space of calms and rain-squalls intervene, and the Northern limits of the 8. E. Trade will be 
found in about 2° North of the Equator, and the Southern limit about 30° South Latitude. It appears, 
then, that the limits vary to the extent of 10° in 6 months, and that the Northern limit of the S. E. Trade 
Wind is always found to the Northward of the Equator. 

Ships cross the region of calms, &c., between the Trades, quicker bound North, than they do when bound 
South, by reason of the airs of wind being more favorable. 

Ships on approaching the limits of the Trade Wind, fall in with squally weather and heavy rains, a sure 
indication of a change. On entering the Northern limit of the N. E. Trade, the wind will be found far te 
the Northward ; but as you advance South, the Wind will draw more to the Eastward. And in like man- 
ner, the S. E. Trade is found far to the Southward, and draws more to the Eastward as you advance. 

Ships bound to the Southward should endeavor to cross the Equator in about Long. 25° W., because they 
will meet the S. E. Trade sooner than they would if farther to the Eastward. They must, however, be 
careful not to go too far to the Westward before crossing the Equator, on account of meeting the S. E. 
Trade Wind far to the Southward, which heads them off to the Westward, and because of the Equatorial 
Current, which sets in towards the coast of Brazil. But in a fast sailing Ship this may be much modified. 
When the vessel is caught in the variable weather which exists between the N. E. and S. E. Trade Winds, 
the rule is to keep on that tack in which she makes the most Southing on, so as to get out of it as quickly 

. as possible. Bae ; ¢ 

Far to the Eastward, along the coast of Africa, the 8S. E. Trade is changed to a S. W. Wind, which 
blows with little variation throughout the year in that direction, interrupted at times by violent 
tornadoes, and the Harmattan or East Wind, close to the coast. 

A ship taking this Eastern passage to the Cape of Good Hope, would certainly have to beat the whole 
way, sei an advantageous slant is sometimes obtained when the Wind veers at the quarterly changes 
o: the Moon. 

After losing the S. E. Trade, the usual variable Winds are met with, but the most prevailing one 1s 
from the S: W. When a Ship is bound to the East Indies or Australia, the best parallel of Latitude for 
running down her Longitude to the East is 39° 0’ S., because there the Westerly Winds prevail, and the 
weather is not so tempestuous as it is farther South. (See remarks on Great Circle Sailing, Page 6.) 

If bound to India, and having reached 70° 0’ E. Longitude, they steer more to the North, and fall in with 
the Southern limit of the S. E. Tradein about 90° E. The limits of the Trade Winds here are governed by 
the samé laws as they are in the Atlaniic Ocean, but do not blow so steadily. The space between the 
Northern limits of the S. E. Trade and the Equator is occupied by a Wind which blows 6 months, that is, 
from May to October, from the Eastward, and called the Easterly Monsoon, and the other 6 months of the 
vear in an opposite direction, and then called the Westerly Monsoon. 
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After crossing the Equator and bound up the Bay of Bengal, the region of the regular Monsvons is reached 
The §. W. Monsoon commences in May, and brings rain and squally weather, which continues 6 months, 
or until October. The N. E. Monsoon then commences, and during its continuance, from October to May, 
(the other six months of the year), fine dry weather prevails on all the coasts of India. The Monsoons vary 
their direction according to the locality of the place at which they blow. This includes the China and 
Arabian Seas. At the changes of the Monsoons, terrific hurricanes frequently occur in all these localitics. 

In the Pacific Ocean, the South East Trade Wind is found to blow very steadily, with fine serene 
weather, and its limits are about the same as in the Atlantic Ocean. Not so, however, with the North 
East Trade ; it is generally found light and variable, and hangs far to the Northward, especially when 
the Sun has great North Declination. 

Ship’s bound to. California generally cross the Equator in about 112° West Longitude; but they 
seldom find the North East Trade blow with the same force as it does in the Atlantic. 

These are the principal winds which blow with any degree of certainty ; but where there are large 
Islands or Continents within the limits of the Trade Winds, the surfaces of which becoming violently 
heated by the tropical Sun, causes the regular wind to diverge into a local Trade. 


THE CURRENTS OF THE OCEAN. 


The Trade Wind blowing continually in one direction, causes the water on which they act to acqu.re 
a movement in the same direction. This is called a Current; but as neither the direction nor the 
velocity of a Current continues uniform, it becomes one of the most perplexing problems in Navigation, 
in making the proper allowance for the effect it may have had on the vessel’s course. The only true method | 
is to keep a careful account of the Ship’s way by Dead Reckoning, and compare this frequently with the 
place of the Ship by Celestial observations. The Set and Drift of the Current may thus be ascertained, 
and proper allowance made until next observations. (See Current Sailing, page 29.) 

There are several Currents known to exist in various parts of the world. ©The one known as the 
Fiorida Stream, originates in the Trade Winds which force the: Water in towards the West India 
Islands, and between which it passes into the Gulf of Mexico; but not finding an outlet there, it 
rushes out between Cape Florida shore and the Islands of Cuba and Bahama, pursuing its course 
to the North, nearly parallel with the coast of the United States; it then diverges to the Eastward and 
crosses the Atlantic. One part of it is supposed to enter the Straits of Gibraltar, and the other to 
proceed along the Coast of Africa. Passing the Cape Verde Islands, it rushes along the S. E. Coast 
into the Gulf of Guinea. q 

It is then called the Guinea Current, and which runs to the Eastward, between this Coast and the 
Equator, until it strikes the South Coast of Africa, by which cause and the prevailing winds together, 
it is forced in and blended with the great Equatorial Current which sets West to the South of the 
Equator. The author of this work has frequently seen the extraordinary phenomena of these two 
great Ocean Rivers brushing past each other, side by side, the dividing line marked by a streak of 
foam, exactly on the Equator.* 

It will be perceived that what is called the Florida Stream makes a complete circuit of the Ocean. For 
by joining this Current, which is formed by the South East Trade Wind, it is again precipitated into the 
Gulf of Mexico. ; 

The Velocity of the Florida Stream is governed by the force of the Trade Winds and the obstruction it 
meets with from local causes. About 4 knots an hour is the usual rate off the Bahamas ; but as it proceeds 
to the North and East it becomes less. 

But the most interesting fact of its retaining its heat acquired in the tropics, and preserving its borders 
from mixing with the surrounding Sea, is very extraordinary. ; 

This is of great use to Seamen; because by ascertaining the temperature of the Sea water by the Ther- 
mometer, he knows whether he is within the influence of the Stream or not. 

The Sea-weed floating about, usually called the Gulf weed, which although brought down by the Stream, 
is not always an indication of being in it. 

The Polar Current is supposed to have its origin in Behring’s Straits, in the North Pacific Ocean, and 
runs South through Davis’ Straits into the North Atlantic. 

Rennels’ Current runs across the mouth of the British.Channel towards the North West, and is caused 
by the water escaping out of the Bay of Biscay, which had been forced in by continued gales of wind from 
the West, 

The action of the Trade Winds in the:Indian Ocean produce a Current which sets North West into the 
Arabian Sea, and having no outlet, the waters make their escape out again in two divisions, one runs to 
the South East along the Malabar Coast and past the Island of Ceylon, and again joins the Equatorial 
Current running to the Westward. The other division runs out along the East Coast of Africa, between 
that Coast and the Island of Madagascar. , Pursuing its course to the South West, it passes along the edge 
of the Agulhas Bank and round the Cape of Good Hope; it then runs to Northward and joins the Equato- 
rial Current which runs to the Westward in the Atlantic Ocean. That part of the Current which sets 
round the Cape of Good Hope is called the Agulhas Current, and its velocity varies from 5 knots te 0, 
and a Current has been found sometimes to run in the opposite direction. 

A Ship bound to the Eastward should keep in about the Latitude of 40° South when rounding the Cape 
By that means they will avoid the Current setting to the Westward. On the other hand, a Ship bound to 
the Westward should endeavor to get into this Current by steering for the coast to the Eastward of the 


* Ships on leaving the Gulf of Guinea, or the Bight of Biafra, bound to the Westward, consequently have to beat to 
windward between the Princes Islands andthe main land of Africa, where they find a favorable current running to’ 
she Southward, until they have crossed the Equator, when, by then standing to the Westward, they fall in with the 
regular Equatorial Current running West. Thereby avoiding the Guinea Current which runs in a contrary direction to 
the Northward of the Eouator. 
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Cape. In Westerly gales the Current running against the wind makes the Sea run heavy and dangerous. 
But a Ship may find smoother water by standing in for the Agulhas Bank and keeping on it until the gale 
moderates in the offing. ‘Two Ships becalmed near each other, one may be in the Agulhas Current and 
the other on its Bank, and it frequently happens that in the course of two or three hours the one in-the 
Current is swept away to the Westward, out of sight of the other, without any visible cause ; and before 
the nature and effect of this Current was understood by Navigators, it gave rise to the superstitious story 
of the Flying Dutchman. 

The Trade Winds in the Pacific Ocean also form a Current which runs to the Westward, and then 
between the North and West, until it strikes the Coast of China. One division then running through 
the [Indian Archipelago joins the Westerly Current in the Indian Ocean, and the other sets towards 
Berhing’s Straits. Ships bound to California cross the Equator in about 112° West, which is too far to the 
Eastward, because the effect of the North East Trade Wind is deadened by its proximity to the Continent of 
North America, which has exactly the same effect on the North East Trade here (that is, of causing light 
winds from the North and baflling weather) as there is found in the South East Trade in the proximity te 
the Continent of Africa, where light Southerly winds are found to prevail, and baffling weather; but on 
getting further to the Eastward they have the regular Trade. Consequently, if Ships were to cross “the 
Equator in the Pacific Ocean in about 130° West Longitude, they would find a steady fresh North East 
Trade, be enabled to cross it quickly, and then afterwards run down their Easting in a high Latitude, 
where both wind and current would be found more favorable. 

In the Mediterranean Sea, there exists the curious phenomena of its receiving the Currents from the 
Black Sea, and large rivers running into it, besides the regular Current from the Atlantic Ocean, which 
flows in through the Straits of Gibraltar. Those waters have no visible outlet; but they are known to 
make their escape out into the Atlantic Ocean through the Straits of Gibraltar, underneath the Current 
which runs in on the surface. This has been proved by vessels which have been sunk at some distance 
inside of the Straits, the wrecks of which were afterwards cast on shore to the Westward, or outside of the 
entrance. 

The submarine mountains rising from the bottom of the Sea, the tops of which are alone visible in the 
form of Shoals or Rocks, are no doubt the fertile cause of many of the extraordinary Currents which 
are met with at Sea. Because a body of water striking these elevations at right angles would be turned 
out of its original course, and rising to the surface, pursue one which would be parallel with the Mountain 
range. 

This is a subject, however, of which very little knowledge can ever be obtained; at least to be of any 
benefit to Navigators.. Because the effect produced by the surface Current which acts on the Ship would 
be just as uncertain as ever. 


} 
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Na HURRICANES 


Heritanes are caused by a po“ion of the Atmosphere becoming violently heated, ana thereby acquiring ° 
a circular motion around a center or focus, (at which the air is stationary,) and around this Focus the wind 
rushes with great vioience. The Meteor has also a progressive motion to the Westward, at a rate varying 
from 12 to 30 miles an hour. 

The diameter of these Meteors vary from 100 to 300 miles. The wind blows with the greatest tury 
near the centre or Focus, and there also the Shifts of wind are most rapid. Towards the circumference 
the wind has less force and the shifts of wind are longer.. The places most subject to Hurricanes are 
the Northern limits of the ‘North East Trade Wind, to the Eastward of the meridian of the West India 
Islands in the North Atlantic Ocean, and the Southern limits of the South East Trade, to the Eastward of 
the meridian of the Island of Mauritius, in the South Atlantic. Hurricanes also occur in the Bay 
of Bengal and its vicinity, at the change of the Monsoons in May and October. 

Those in the China Seas are called Ty-foongs, and are produced from the same cause, These Hurricanes, 
er Meteors, are governed by certain Laws, and which are of the greatest importance to Seamen to have a 
knowledge ‘of. Thanks to Colonel Reed, "Mr. Peddington, and other scientific men, who have, by patient 
investigation, traced out and explained the nature of those destructive Meteors, and given rules whereby 
they may be avoided: or, at least, by which a vessel may suffer the least from their effects. 

The following Remarks, which are derived from the experience of Hurricanes in both Hemispheres, in 
which the theory and practice are combined, may be of some service, when the more regular Book on Storms 
is not at hand. 


HURRICANES IN NORTH LATITUDE, 


These commence on the Northern limits of the North East Trade wind, in August and September, and 
travelling to the Westward, visit the West India Islands, and thence pursue a North East course parallel 
with the ‘Gulf Stream, along the Coast of the United States of North America. The diameter of this 
Meteor varies from 100 to 200 miles, and its progress at the rate of about 17 miles an hour. But the most 
distinctive feature of this Hurricane is, that the wind blows in a Circle from Right to Left, (or, as Seamen 
would say, the Left-handed way.) around a Focus or Centre, the centre itself being a calm space. The 
changes of wind near the Focus are very rapid and blow with destructive violence ; hence our chief care 
is to avoid this Focus. The Focus of these Meteors can be easily ascertained from the direction in which 
the Hurricane Wind is blowing at the time, and also points out on which side of the Storm Circle the Ship 
is. Suppose the Ship to have entered the Storm, and has the wind at East, Barometer 29, and falling. 
The Rule is, Turn your back to the Wind, and the Left hand will point to the Focus, bearing South, and 
by referring to the Diagram on the next page, it will be perceived that the Ship is on the Northern verge. 
Now, if a Ship is to the Eastward of the West India Islands, by standing to the Northward she will 
get out of its range; or by heaving to on the Port Tack, with her head to the Southward, (in the direction 
of the Focus,) the wind as it veers from right to left will be found to draw aft, and the Ship will luff up, 
and Bow the Sea with safety. But heaving to on the opposite tack would ensure herdestruction. Because 
the wind veering would head the Ship off, and she would be laid in the trough of the Sea; and in such 
cases the violence of the wind is so great that to wear round on the other tack would be found to be 
impossible. The effect on a Ship standing to the Southward with this Easterly wind, would be a fall of 
the Barometer and an increase of the Storm; and as long as she carries sail she is rushing towards the 
Focus, and almost certain destruction. The most dangerous part of this Storm Circle is 1ts Western 
side. You will then have the wind at North. By turning your back to the Wind, your left hand points 
to the East, and which is the bearing of the Focus. Now, as the Meteor in this locality is travelling 
to the Westward, it is evident it will overtake the Ship in its course, unless she gets out of its path. 
The Rule in this case is, to bear away under what sail the vessel can carry towards the South Kast, 
and then to heave to on the Port Tack, allowing the Meteor to pass to the ‘North West of her. 

As before mentioned, the path of these Hurricanes, after leaving the limits of the North East Trade 
Wind, is towards the North East, and a Ship having the wind at East, the Focus would bear South 
as before, and the Ship is then on the Northern verge of the advancing Storm. Now, by steering 
about 50 miles to the North West, and then heaving to on the Port Tack as before, the Meteor will 
pass to the Eastward of her, and "when the wind has veered to the North East she will have the 
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focus bearing South East, and be atright angles to its path. But if this cannot be done un account of 
her proximity to the land, heave to on the Port Tack. Advantage of gaining an offiing at the com- 
renecement of the Storm, when the wind is at South or South East, may be done by running off to 
the Eastward as long as sail can be carried, and then Wearing Ship, heave to on the Port Tack, and 
by that means the Focus will pass to the Westward of her position. But crossing in front of the advancing 
Storm is always’attended with danger; because the Ship may be taken aback before she gets to the 
Kastward of its path. 

The Barometer should be carefully watched when in the vicinity of those Latitudes where Hurricanes 
inay be expected, and when it falls rapidly to 29.50, the weather threatening, and the clouds of a bluish, 
gloomy appearance. the Ship is then on the verge of the Storm Circle, and the Focus may be at least 
150 miles distant. As the Focus is approached the Barometer will fall to 29.20 inches at 100 miles 
distant; to 28.40 at about 50 miles distant, and to 28.00 at about 30 miles distant. At or near the 


Focus itself it falls as low as 27.00 inches sometimes 


DIAGRAM OF THE STORM CIRCLE IN NORTH LATITUDE. 
Fig. 18. 
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RULES TO AVOID THE FOCUS 
Turn your back to the Wind, and your Left hand will point to the Focus. 


Hurricane Wind. |Bearing of the Focus. When the Path is to the W.N. W. When the Path is to the N. E. 
W ind at East. Focus South. Heave to on the Port Tack. See the remarks above. 
“a N. K, . + 4) Go, do. Heave to on the Port Tack. 
North. “ East. {Run 50 m’s to the S’d, and heave to. do. do. do. 
% N. W. « NE Heave to on the Port Taek. do. do. do. 
"West. “North. do. do. do. - do. do. do. 
8 S. W. i NL Ws do. do. do. do. do. do, 
South, *. _. Weat. do, do. do. Get a little to the Ed if possible.& heave to] 


Pia h sy Be ws ee do. do. do. Run 50 miles to the N. W.,_ and heave to. 
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HURRICANES IN SOUTH LATITUDE 


The Hurricanes in the South Atlantic Ocean commence near the Southern limits of the S. E. Trade 
Wind, to the Eastward of the Island of Mauritius, and pursue a course to the Westward. They are gen- > 
erally expected in the months of February or March. The diameter of these Meteors vary from 150 to 
300 miles, and their rate of progression is from 12 to 30 miles an hour. The distinctive features of these 
Hurricanes are, that the wind blows in a circle, around a focus, from left to right (or the right-handed way 
as seamen call it), consequently the Rule for finding the focus of the Hurricane in South Latitude is to 
urn your back to the Wind, and the right hand will point to the centre. Those in the Bay of Bengal and 
China Seas being in North Latitude, revolve the left-handed way, same as in the North Atlantic. So that 
in meeting one of these Hurricanes, it must be considered, in the first place whether the Ship is in North 
or South Latitude, and then to act accordingly. If the Ship is in South Latitude, the rule is to heave to 
on the Starboard Tack, with her head towards the Focus ; and supposing the Wind at East, the right hand 
will point to the Focus bearing North. The Ship would then be on the Southern verge of the Storm Circle, 


and as the Wind veers to the Southward she will luff up and bow the sea. The Barometer acts in a sim- 
ilar manner as before stated. 


DIAGRAM OF THE STORM CIRCLE IN SOUTH LATITUDE. 
. Fie. 19. 
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RULES TO AVOID THE FOCUS. 
Turn your back to the Wind, and your Right hand will point to the Focus. 


Hurricane Wind.| Bearing of the Focus. When the Path is to the W. S. W. When the Path is to the S. E. 


Heave to on the Starboard Tack. 
. d do do 
West. do 


do 
N. W. Run 50 miles to the S. W. and heave to. 


North. ‘Heave to on the Starboard Tuck, 
N. E. |Run 50 miles to N. W. and heave to. do do 


Kast. | Heave to on the Starboard Tack. do do 
Sake do do do ' do 


Nore. The Hurricanes in the South Atlantic, after leaving the Latitude of 30° 8. recurve tothe S. E. A Ship meet- 

ing these Hurricanes in a higher Latitude would be in their direct path, when she has,the Wind at N. E., because on 

ant your back to the Wind, the right hand will point to the Foous bearing N. W., and its path being 8S. E wif 
e her unless she gets out of its way by running off 50 miles to the S. W. 
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REMARKS ON HURRICANES. 


The following remarks'on handling a Ship in a Hurricane, may be found useful: When a Ship ts 
approaching the locality of Hurricanes, the Barometer should be carefully watched, and when it has fallen 
rapidly from about 30 inches to 29 20, the Ship is then on the verge of a Storm Circle. At the same time 
the weather will appear threatening, with heavy, bluish-looking clouds in the sky. At other times, it sets 
‘a with small rain, and the Wind increases gradually. Now is the time to consider which side of the 
Storm Circle the Ship is on, from the direction in which the Wind is then blowing, by the rules already 
given for that purpose. 

The most severe Hurricanes, especially those in the Indian Ocean and China Seas, generally give. notice 
of their approach by the rapid falling of the Barometer about an inch, when no other indications in the 
sky are visible, at from 12 hours to 48 hours before the verge of the Storm reaches the Ship. And in this 
case no time should be lost in preparing the Ship to encounter it, by sending down on deck all the light 
spars and rigging, and the studd ng-sails out of the tops, rigging in the flying-jib and standing-jib booms, 
securing the boats and hatchways, and the sails (which are furled to the yards) with double gaskets, 
because after the Hurricane sets in, the violence of the Wind is so great that it will be found impossible 
for men to go aloft or to do any work whatever. Upon the same principle the Ship’s place in the Storm 
Circle should be ascertained as soon as possible, and arrangements made for her safety by running out of 
its path, if necessary, before the wind has increased to that degree that no sail can withstand, or to heave 
to on the proper tack. | 

Instances have been known of Ships getting into the Storm Circle, and been obliged to scud before the 
Wind under bare poles, and changing their Cgurse as the Wind veered, and have been kept scudding round 
the Fceus for several days together, and only got liberated after the Meteor had spent itself, and found them- 
selves several hundreds of miles to the Westward of where they had entered it. 

A Transport Ship, with troops on board, from Ceylon, bound to the Island of Mauritius, fell in with one 
of those Hurricanes on the 26th of March. At midnight the Barometer had fallen to 28.90. Wind blow 
ing hard at West. And the captain, not being acquainted with the theory of storms, the Ship was kept 
on her course to the S. S. W. 50 miles, and next day the centre of the Hurricane burst upon her, and threw 
her completely on her beamends. AI] three masts went by the board, and she righted a little. The 
wreck of the masts alongside knocked off her rudder, and caused her also to leak badly; and so severe was 
the Hurricane and sea that the men were frequently washed from the pumps, the Ship laying all the time 
in the trough of the sea, and her decks were continually swept. For three days this Hurricane continued, 
and during all that time the hatches had to be kept carefully closed to prevent her going down. And when 
the storm abated so that the hatches could be raised a little, 14 of the soldiers were found dead by suffoca- 
tion from the want of fresh air in the hold. 

Now there is not. a shadow of a doubt but this was caused by the ignorance of the captain, in allowing 
the Ship to stand on to the S. S. W. 50 miles, after the Barometer had fallen to 28.90, and which placed 
her right in the centre of the Hurricane. 

By referring to the Diagram for South Latitude, it will’ be seen that with the Wind at West, the Ship 
would be on the Northern verge of the Storm Circle, and the rule applied, of turn your back to the Wind 
and the right hand points to the centre. The right hand in this case points to the Sovth, and which was 
the course the vessel steered for 50 miles, which brought her into the centre of the Hurr.zane. Now it may 
be pointed out how she not only could have escaped all this disaster, hut actually to have made a fair wind 
out of part of this Hurricane, as follows: Suppose her to have run off E. N. E. or East with her Westerly 
Wind, until she raised her Barometer to 29.20, which she would have quickly done. She might then have 
hauled gradually to the Southward as the Wind veered to the North and N. E., and thus pass round behind 
or to the Eastward of the storm, and as the Meteor was advancing at the rate of perhaps 30 miles an hour 
to the W. S. W. it would have soon passed her locality. 

At all events, by sacrificing say 150 miles, by running out of her course to the Eastward, she would 
have sooner got clear of it.and without damage. Or by heaving to at once with her head to the Southward 
on the starboard tack, when the Barometer had fallen to 29.30, she would then have been on the outer 
verge of the Storm Circle, and allowed the storm to pass by her. 

The path of the Hurricanes in the N. Atlantic Ocean being near the coast of America, the same advan- 
tage (that is, to get behind the storm) is not always practical for the want of sea room to perform the 
necessary evolutions in. But supposing a case of a Ship falling in with a Hurricane to the Eastward of 
the West India Islands, when bound to the Northward. The Barometer has fallen rapidly to 29 inches. 
Wind at West. Under close reefs. Apply the rule, turn your back to the Wind, and the left hand will 
point to the focus bearing North, in the very direction the vessel is steering. 

On referring to the Diagram for North Latitude, it will be perceived that the Ship is on the Southern 
verge of the Storm Circle, and the barometer at 29 inches would place her within 60 miles of its centre. 
Now, as before observed, if she has sea-room, she may not only escape the effects of the storm, but make a 
fair Wind out of part of this Hurricane by running off to the Eastward with her Westerly Wind, until the 
Barometer rises, which it will soon do, to 29.20. She may then haul gradually to the Northward as the 
Wind veers to the S. W. and South. and thus continue on her course. 

A Ship falling in with a Hurricane off the coast of the United States, its path being then to the N. E, 
the same difficulty cecurs again. that is, the want of sea-room. But suppose a case. A Ship bound to the 
S. E. has the Barometer fallen rapidly to 29 inches. Wind at N. E. Under close reefs. Now turn your 
back to the Wind, and the left hand will point to the Focus bearing S. E., distant about 60 miles, and in 
the very direction the Ship is steering, and 60,miles more of a run, will plunge her right into its centre, 

On referring again to the Diagram for North Latitude, it will be perceived that the Ship is or. the North- 
western verge of the Storm Circle, and to escape its effects and turn part.of it into a fair Wind, run off to 
the S. W. with this N. E. Wind, until the Barometer rises to 29.20, which it will soon do, and then haul 
gradually to the’S. E. as the Wind veers to N. and N. W,, tims passing round behind the Meteor. 
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The distance which a Ship would require to run tat right angles to her course) before sne raised the 
Barometer to 29.20, would probably be about 100 miles, and which would take her 10 hours to perform, at 
the rate of 10 knots an hour. But she would soon make up the lost time when the wind veers so that she 
can regain her proper course. ; 

Had she been hove to in the first case when the Barometer fell to 29 inches, with her head to the North- 
ward, on the Port tack, the Meteor would have passed to the Northward of the Ship on its path towards 
the W. N. W., and the Wind as usual would have veered to the S. W. and South, and she would then luff 
up and bow the sea, but would be kept perhaps two or three days in the storm. 

And in the second case, by heaving to under the same circumstances. the storm would pass to the South 
eastward of the ship, on its path towards the N. E.; and the Wind veering to the North and N. W., she 
would luff up as before, but would also be kept 2 or 3 days in the storm laid to. 
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THE CONSTRUCTION AND USE OF MERCATOR’S CHART, 


of surface is necessarily an artificial construction, or, as it is pee srbiBotions of the real state of F things. 

The Charts used in navigation are those on Mercator’s Projection, because on this alone the track of a 
Ship always steering the same course appears a straight line ; and thus all calculations respecting the Lati- 
tude and Longitude ‘of a Ship steering a course which cuts all the Mer idians at the same angle, are reduced 
to the utmost “simplicity. 

On Mereator’s Chart all the Meridians are parallel and the degrees of Longitude are all equal, and of 
the same length throughout, as a degree of Latitude is on the Equator. The degrees of Latitude are 
unequal, being extended at each Latitude beyond their proper lengths, in the same Preporsion as the degrees 
of Longitude are diminished on the Globe towards the Poles. 

The miles of Latitude are consequently increased towards the Poles, so that in the Latitude of 60° a 
degree of Longitude will measure 30 of these miles only, and near the Poles 1 mile of Latitude is equal to 
a degree of Longitude. 


© 


TO CONSTRUCT A CHART ON MERCATOR’S PROJECTION. 


Having first determined the limits of the proposed Chart, that is, the number of degrees of Latitude and 
Longitude it is to contain, and the degree of each it is to commence from, take out the Meridional parts 
from Table III, corresponding to each degree of Latitude within the intended limits, and find the difference 
between the Meridional parts of each succeeding degree, or every fifth degree (if the scalé is small.) 
Reduce the difference of the Meridional parts into degrees by dividing them by 60. Draw a line at the 
bottom margin of the paper, to represent the parallel of the least Latitude, on which lay off the proposed 
number of Degrees of Longitude, taken from a scale of .equal parts, or the space to be occupied by the Lon- 
gitude can be “divided into equal parts. Draw another line at the top margin parallel to the bottom one, 
and divide it also into the like number of equal parts. This top line or parallel of Latitude must be drawn 
at a distance from the bottom one equal to the Meridional Difference of Latitude between the extreme Lat- 
 itudes, taken from the scale of Longitude, which must previously be graduated to Degrees and Minutes. 

Take the Meridional Difference of Latitude between the least Latitude and the next fifth degree, from 
the graduated scale of Longitude, and lay it off on both sides from the parallel of least Latitude | upwards, 
and draw the parallel of Latitude line for that degree. In like manner lay off the next fifth degree, and 
draw its parallel of Latitude, and draw the Meridians through every fifth degree of Longitude at top and 
bottom. 

Draw Compasses, showing the Rhumb-lines at convenient places on the Chart, and the principal points 
of the coasts are then laid down according to their Latitude and Longitude, and the coast-line filled- in by 
hand. The variation of the Compass, and other matters that are usually inserted, are then introduced. 

; ‘ 


EXAMPLE. 


Required to construct a Chart, extending from 29 degrees West Longitude to 60 eae West Longitude from 
Greenwich, and from the Equator to 50 degrees North Latitude. 


Take out the Meridional parts for every fifth degree with their Difference as follows : 


Latitudes. _ Merid. Parts. Differences. ' 
5° 800 300 — 5°. 
10 603 8038 = Bi 3 
15 910 807 = me We 
20 1225 315 = 5 15 
25 1550 . 825 = 5 25 
30 1888 8388 = 5 38 
35 2244 856 — 5 56 
40 2623 879 woe 6 19 
45 8030 407 <a 6 47 
50 8474 444 — q 24 


Divide the bottom line into 40 equal parts, which will represent the Degrees of Longitude on the Equator. Form 
a Scale of miles 60 to the Degree; take the first Difference 5 ra in the Compasses, and lay it off from the Equator 
op both sides, and draw the parallel of 5°; from this parallel off the next Difference 5° 3’, and so on 
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CONSTRUCTION OF MERCATOR’S CHART. 47 


TO CONSTRUCT A PARTICULAR CHART ON A LARGE SCALE. 


When the Chart does not commence at the Equator, but is to serve for a portion of a coast contained 
Letween two parallels of Latitude on the same side of the Equator, draw a line at the bottom margin of the 
paper, to represent the least parallel of Latitude. 

Divide the given inches to the Degree, (according to the scale required,) into 60 equal parts, which will 
represent miles of Latitude. 

Now enter the Traverse Table with the least Latitude as a Course, and find the length of a Degree of 
Longitude in that parallel; that is, take 60 minutes of Longitude in the Distance Column, and in the 
Latitude Column will be found the length of the Degree of Longitude, in miles. 

Take this length of the Degree of Longitude in the dividers from the scale of miles.of Latitude, and lay 
off on the bottom margin line as many Degrees of Longitude as required in the Chart, and divide each into 
60 equal parts, and draw Meridians at each side. : 

Enter ‘able III., and take out the Meridional parts for each Latitude, beginning with the least Latitude, 
and take the Differ. between that and the next greater. Take this Meridional Difference of Latitude in the 
dividers from the graduated Scale of Longitude, and lay it off on each Meridian from the bottom margin 
line, or least parallel of Latitude, and draw the next greater parallel of Latitude. From this last parallel 
of Latitude lay off the Meridional Difference of Latitude between that and the next, and draw the next 
parallel of Latitude, and so on, to the extent required. Divide the greatest parallel of Latitude, at éhe 
top, into the same number of Degrees and Minutes of Longitude as at the bottom margin, and draw Merid- 
ians through each Degree of Longitude, and number the Degrees of Longitude (whenever the Latitude is 
North of the Equator, and the Longitude West from Greenwich,)from Right to Left, and vice versa. 

When the Chart is to be bounded by Parallels of Latitude on different sides of the Equator, to the extent 
of a few Degrees only, the Degrees of Latitude and Longitude being of the same length, we first draw the 
Equator and lay off the Degrees of Latitude (according to the scale required) North and South of it, and 
draw the Parallels of Latitude. The Degrees of Longitude on the Equator are then made of the same 
length, and the Meridians drawn as before. This is called a Plane Chart, and can only be thus constructed © 
near the Equator. Having thus drawn and graduated the Parallels of Latitude and the Meridians of Lon- 
gitude, the Latitudes and Longitudes of places are laid down, and the coast-lines sketched byhand. Rocks 
and shoals are then inserted, with the depth of water at low water, spring tides, the setting of the tides, 
the times of high water, full and change, variation of the compass, &c.; and one or more Compasses are 
inserted in the most convenient parts of the Chart. ‘ 


EXAMPLE. 


Required to construct a Chart between the Latitudes of 40° and 43° North and the Longitude of 69° and 72° 
West from Greenwich, on a Scale of 2 inches to the Degree of Latitude. (See Fig. 21.) 


Draw a line at the bottom margin of the paper to represent the parallel of 40°; take 2 inches from the 
Plane Scale and divide it into 60 equal parts, representing miles of Latitude. Enter the Traverse Table 
with Latitude 40° as a Course, and 60 miles of Longitude in the Distance Column. Then in the Latitude 
Column opposite will be found 46 miles, the required length of a Degree of Longitude in that parallel of 
Latitude. Now take this 46 miles in the dividers, from the two inch scale, and lay off 3° of Longitude, 
divide them into 60 miles each, and draw a Meridian line at each side. Enter Table III., and take out 
the Meridional parts for each Latitude, beginning with the least, as follows : 


Dio eo 6 oia!s 40° Merid. Parts........2623 
leah seen oe 41 GOS ieee a SL OS: Difhiossee ty. 79’ ==1° 19! 
ny sila a aera AO ey ahs ieee 2782 See Si estes 80 ==1 20 
be Tn aaa a 43 Coe a ses ates 2863 © SS eats sO Lee 2) 


Now take 1° 19’ in the dividers, from the Scale of Longitude, and lay it off on the Meridian lines from 
the parallel of least Latitude, 40°, and draw the parallel of 41°. In like manner, from the parallel of 41° 
lay off 1° 20’, and draw the parallel of 42°, and 1° 21’ laid off will give the parallel of 44°. Divide this 
last parallel of Latitude into Degrees and Minutes of Longitude, the same as the parallel of 40° at the 
bottom margin, and draw the Meridian lines. Divide the Degrees of Latitude into 60 miles each, and’ 
number the Degrees of Longitude from Right to Left, because the Longitude is West from Greenwich. 

Lay off the Latitudes and Longitudes of the most prominent parts of the Coast, and fill in the Coast 
line by hand, &c. 


THE USE OF MERCATOR’S CHART. 


TO PRICK OFF THE SHIP’S PLACE ON THE CHART. 


Lay the edge of the parallel ruler along the nearest parallel of Latitude line, and move one cf its sides 
until its edge is over the Degree and Minute of Latitude required, and as near as possible to tie required 
Longitude. Draw a pencil line, which will represent the Ship’s parallel of Latitude. Take the Longitude 
with a pair of dividers from the scale, one foot being on the nearest less Meridian, and the other at the 
Degree and Minute required. Then with one foot on that Meridian, extend the other along the Ship’s par- 
allel of Latitude, and mark the spot, which is the Ship’s place required. 

Or, lay the edge of the parallel ruler along the nearest less Meridian line, and move one of its sides 
until 'the edge is over the Degree and Minute of Longitude required, and transfer the same to the Ship’ R 
parallel of Latitude. Draw a pencil line, and at the intersection of these two lines will be the Ship’s 
place. (See Chart, Fig. 20, page 46.) 


EXAMPLE. 


Lay off the Ship’s position on the Chart, Latitude 19° 30’ N. and Longitude 42° W. 


The nearest less parallel of Latitude is 15°; a ruler on this, and moved up to Latitude 19° 30° on the 
Graduated Scale, gives the Ship’s parallel of Latitude. Then with one foot of the dividers on the nearest 
less Meridian of 40° on the Scale of Longitude, and the other extended to 42°, transferred to the Ship’s par- 
allel of Latitude, points out the Ship’s place. 

This is done at least once every day at noon, and being connected together with a pencil line, shows the 
Ship’s track on the Chart from day to day. 


TO SHAPE A COURSE ON THE CHART. 


Lay the edge of the parallel ruler over the Ship’s place and the place she is bound to. Move the ruler 
over the Chart until its edge is placed over the centre of the nearest Compass, which will give the Truc 
Course. Then, if the variation of the Compass is Westerly, it must be allowed to the Right hand of this 
True Course, but if Easterly, to the Left hand of the True Course, will give the Course required to steer by 
Compass. 


EXAMPLE 1. 


A Ship in Latitude 19° 30’ and Longitude 42° W., is required to shape a Course by Compass to St. Antonio, one 
of the Cape Verde Islands. (See Chart, Fig. 20, page 46.) 

Lay the Ruler over the Ship’s place and that of the Island, and move the edge of it over the centre of 
the nearest Compass, gives the True Course E.? 8. The variation of the Compass being 1} points West- 
erly, which, allowed to the Right hand, gives the Compass Course required E. S. E. 


EXAMPLE 2. 


Required the Course to the mouth of the River Amazon from the same position. 


Lay the ruler over the Ship’s place and that of the River Amazon, and refer it to the centre of the Com- 
pass as before, will give the True Course S.S. W. The Variation being + point Easterly, which allowed 
to the Left hand gives the Compass Course required S. by W. + W. 


TO MEASURE THE DISTANCE BETWEEN TWO PLACES ON THE CHART. 


When the places lie nearly North or South of each other, their Difference of Latitude is the Distance 
required. Extend the feet of the dividers to the places, and refer this extent to the Scale of Latitude 
between the parallels, and count the number of Degrees and Minutes contained, which multiplied by 60 (and 
taking in the odd Minutes) will be the Distance required. 


EXAMPLE 1. 


Required the Bearing and Distance of St. Mary, one of the Western Islands, from St. Antonio, one of the Cape 
Verde Islands, both Islands being on the same Meridians,. 

Answer.—The True Bearing is North, and 2 points Westerly variation allowed to the Right hand gives 
the Bearing by Compass N. N. E. The extent of their Distance in the dividers, and applied to the Scale 
of Latitude from the parallel of 17° 12’ N. to 36° 59’ N., contains 19° 47’, which multiplied by 60 gives 
the True Distance 1187 miles. 


USE OF MERCATOR’S CHART. rs) 


When the places lie nearly East or West, or on the same parallel of Latitude, extend the feet of the 


* dividers between the places, and refer this extent to the Scale of Latitude, holding the centre or joint of 


the dividers directly over their parallel of Latitude, so that each foot may reach to equal distances from’ it. * 
Count the number of Degrees and Minutes contained between the feet of the dividers, which multiply by 
60, (and taking in the odd Minutes) will be the Distance required. But if the Distance is too great for the 
dividers, take, say 10° from the scale (5° on each side of the parallel of Latitude) find how, many times 
this extent of 10° can be obtained between the places. Then contract the dividers and measure the 
remainder, holding the centre of the dividers over the parallel of Latitude as before, and count the number 
of Degrees and Minutes they contain. Add this to the number of tens of degrees already measured, which 
multiplied by 60 (and taking in the odd Minutes) will give the Distance required. 


EXAMPLE 2. 


Required the Bearing and Distance of the Island of Barbadoes from the Isle of Brava, one of the Cape Verde 
{slands, in nearly the same parallel of Latitude. 


Answer.—The True Bearing is W.?S8., and 4 a point Westerly variation allowed to the Right hand, 
gives the Compass bearing W.+N. The distance being too great to be measured at one time, take 10° in 
the dividers, 5 on each side of the parallel of Latitude, and with one. foot of the dividers on Brava, it will 
take 3 times this extent, or 30°, to reach near to Barbadoes. Then the remainder of the distance taken in 
the dividers, will be found to measure 4°. Total 34°; which multiplied by 60, gives the Distance, 2040 
miles. 


When the places lie obliquely, neither being 1n the same Latitude or Longitude. 


Find the Middle Latitude between the places. Take the distance between them in the dividers, and 
refer it to the graduated Scale of Latitude, holding the centre or joint of the dividers directly over the 
Middle Parallel of Latitude, so that each foot may reach to an equal distance from it, and count the 
Degrees and Minutes contained in the dividers, and proceed as before. But if the Distance be too great to 
be taken in the dividers, take an equal number of degrees on each side of the Middlé Parallel of Latitude. 
and proceed as in the last Example. 


EXAMPLE 8. 
Required the Bearing and Distance of St. John’s, Newfoundland, from St. Antonio, one of the Cape Verde Islands 


Answer.—The True Bearing is N.W.+N., and 2 points of Westerly variation allowed to the Right hand, 
gives the Compass bearing N. by W.4 W. The Middle Parallel of Latitude is 32°. Take 10° in the 
dividers, that is, 5 on each side of 32°, from the Scale of Latitude, and with one foot on St. Antonio, 3 
times this extent, or 30°, will reach short of St. John’s. The remainder of the Distance taken in the. 
dividers, middled again at 32°, will give 9° more, or 39°, which multiplied by 60, gives the. Distance 
required, 2340 miles. (See Chart, Fig. 20, page 47.) ; 


THE COURSE. AND DISTANCE GIVEN, TO FIND THE LATITUDE AND LONGITUDE IN. 


Allow the variation on the Compass Course steered to the Left hand, if the variation is Westerly, but 
to the Right hand if Easterly, will give the True Course. Lay the edge of the parallel ruler over the 
centre of the nearest Compass on this Course, and transfer it to the Ship’s place of departure, and draw 
a pencil track. Take the Distance run from the Scale of Latitude, middled on the Middle Parallel of 
Latitude the Ship has sailed in, and lay it off on the track, which will be the Ship’s place. Take the 
Distance in the dividers between it and the nearest less Parallel of Latitude line, and refer it to the Scale 
of Latitude, will give her Latitude in. In like manner, take the Distance between the Ship’s place and 
the nearest less Meridian line, and refer it to the Scale of Longitude, will give her Longitude in. 


EXAMPLE, 


A Ship from Barbadoes sails N. E.by Compass 300 miles. Variation of the Compass $a point Easterly 
Required her Latitude and Longitude in. ay 


Answer.—The True Course is N. E. + E.; the variation being allowed to the Right hand, because it Is 
Easterly, and the Distance, 300 miles, or 5°, taken in the dividers, from the Scale of Latitude, to the North- 
ward of the Parallel of Barbadoes, and laid off on this N. E. 4+ E. Track, will give the Ship’s place. The 
nearest less Parallel] of Latitude line is 15°. ‘A parallel ruler laid on this line, and moved up to the Ship’s 
place, and then referred to the Sale of Latitude, will give her Latitude in, 16° 20’ N. The nearest less 
Meridian line is 55°, and the Difference in like manner referred to the Scale of Longitude, gives her Lon- 
gitude in, 55°40’ West. Or the Latitude may be ascertained by taking the Difference between the Ship’s 
place and the nearest less parallel of Latitude, 15°, in the dividers, and applying it to the Scale of Latitude. 
gives her Latitude in, 16° 20’. And in like manner the Longitude is found by taking the Difference 
between the Ship’s place and the nearest less Meridian line, 15°, in the dividers, and applying it to the Scale 
of Longitude, gives the Longitude in, 55° 40' W.. 
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USE OF THE COASTING CHART. 


To find the Ship's Position from the Latitude Observed and the Bearing of the Land by Compass, 


Rurte.—Place the edge of the ruler along the nearest less Parallel of Latitude line, and move it up to the required 
one on the Scale of Latitude, and draw a pencil line, which will be the Ship’s Parallel of Latitude. Correct the 
Compass bearing by allowing the Variation as before directed, whieh will give the True Bearing of the object. Place 
the edge of the ruler over the centre of the nearest Compass, and transfer this True Bearing to the object by moving 
the ruler until its edge is placed over it, and draw a pencil line, and where this line cuts the Ship's Parallel of 
Latitude is the Ship’s place. By this means her Longitude in and Distance off the object is ascertained. 


EXAMPLE. 


A Ship observed her Latitude to be 40° 45’ N. At the same time Montauk Point Light House bore by Compass 
N. W.2N. Variation $ point Westerly. Required her Distance off the Point and her Longitude in. (See Cha. t, 
Fig. 21, page 47.) 


Answer.—Having drawn the Parallel of Latitude line of 40° 43’ N., allowing the variation on the 
Compass bearing, gives the true bearing N. W. A line drawn in that direction from Montauk Point inter- 
sects the Parallel of Latitude and gives the Ship’s place. Her Distance off being 30 miles, and her 
Longitude in 71° 22’ W. 


To find the Ship’s Position from the Cross Bearing of two Objects on the Land. 


Ruix.—Take the Bearings by the Compass, and correct them for the Variation, as before directed, which, will give 
the True Bearings. Place the edge of the ruler over the centre-of the nearest Compass, and transfer this Tru 
Bearing to the objects. Draw pencil lines from each,, and where they cross each other is the Ship’s place. 


EXAMPLE. 


Montauk Point bore N. W. # N., and the East end of Block Island N.N.E.$E. Variation $ point Westerly. 
Required the Distance off each object, and the Latitude and Longitude in. 


_ Answer —The True Bearing of Montauk Point is N. W. and Block Island N. N. E. The former is 11 
miles, and the latter 14 miles distant from the Ship. Latitude in 40° 56’ N. and Longitude in 71° 40’ W. 


Having the Ship's Correct Position from Cross Bearings, to Shape a Course along Shore, or to clear a Shoal, 
or other Danger. (See Chart, Fig. 21, page 47.) 


Rurz.—Place the edge of the ruler over the Ship’s place, and in a direction which will lead the Ship clear of 
danger, move the ruler along and place its edge over the centre of a Compass, which will give the True Course. 
Then, if the variation is Westerly, allow it to the Right hand of this True Course, will give the Compass Course 
required to steer; but if the variation is Easterly, allow it to the Left hand of the True Course. 


‘EXAMPLE. 


Required to shape a Course from the Pe found by Cross Bearing in the last Example, so as to pass clear 
hrough midway between Nantucket and its Shoals, and the Distance to run until abreast of the New South Shoal. 


Answer.—The True Course to pass midway is E.2N. The variation % of a point to the Right gives 
the Compass Course, East. The Distance to the South Shoal in the dividers, and middled on the Parallel 
of Latitude, 41°, gives the Distance off, 80 miles. 

The Latitude by Observation and Soundings given, to find the Ship's Posttton. 
Rure.— Place the ruler on the nearest Parallel of Latitude line, and move it up to the required Latitude, and 


draw a pencil line, which will represent the Ship’s Parallel of Latitude. Ther where the Soundings obtained are 
found to agree with that laid down in the Chart, is the Ship's place. 


EXAMPLE. 


A Ship, in the Parallel of Latitude of Neversink by observation, 40° 23’ N., Sounded in 30 fathoms water. 
Required her Longitude in and Distance off. 


Answer.—Her Longitude in at the time of Sounding was 72° 20' W., and her Distanoe off the High 
Land of Neversink was 76 miles. 


e 


USE OF THE COASTING CHART. | 51 
To fina tne Distance by two Bearings of the same Object having the Course and Distance Run between them. 


Ruse. Take the Bearing by the Compass, and note the time by wateh, and after the first Bearing bas been altered 
at least 3 points, take a second Bearing and note the time by watch. Ascertain the True Course the vessel has 
made, and the Distance run in the interval between the Bearings. Allow the variation on, the Compass Bearings, 
and find the True Bearings, which lay off on the Chartias in the former examples, and draw pencil lines. Lay the 
ruler over the Course made good, and take the Distance run in the dividers. Move the edge of the ruler up on the 
two lines, until the points of the dividers reach to both lines at the edge of the ruler, and draw a pencil line, and 
the result is the Ship’s Distance off the object at the time of each Bearing, and also her Latitude and Longitude in 
at those times. 


EXAMPLE 1. 


At 8 A. M, Cape Cod bore by Compass S. S. W. $ W., and at.10 A. M. it bore W. by S.S. Course steered 
K. by 8.¢ 8. Rate of Sailing 10 knotsan hour Variation 2 of a point Westerly. Required the Ship’s Distance 
off at the time of both Bearings. 

Answer.—The first Bearing S.S. W.  W. Corrected for variation is S.S. W. The second Bearing W. 
by S. 4. S., corrected is W. S. W., and laid off on the Chart; then the Course steered E. by S. ¢ S., corrected 
for variation is KE. 4 8., and the Distance run in the interval, 20 miles, applied to the Ship’s track drawn 
across the two lines of Bearings. gives her Distance off at 8 A. M., 13 miles, and her Distance off at 
10 A. M. 27 miles. (See Chart, Fig. 21, page 47.) 


. 


EXAMPLE 2 


At 6 P. M. Barnegat Light came in sight, bearing by Compass S. W. by W. Ship sailed on a 8. by. W. 4 W. 
Course, at the rate of 8 knots an hour, with a two knot tide in her favor until 7 30 P. M, when the same Light 
was observed to bear N. W. by W. Variation 4 a point Westerly. Required her distance off at the time of both 
Bearings. 

Answer.—The Bearings corrected are S. W. + W. and N. W. by W.4 W. The True Course S. by W., 
and the Distance run in the interval of 14 hours is 12, to which add 3 for the effect of the Tide, making 
15 miles. The projection of this case on the Chart by the above rule gives her Distance off Barnegat at 
6 P. M. 15} miles; and at 7 30, 10 miles. (See Fig. 17, page 33.) ars 


EXAMPLE 3. 


At 5 A. M. Neversink Light Houses bore by Compass W. by 8.48. Ship then sailed on a S.4 W. Course, at the 
rate of 54 knots an hour, until 7 A.M. when the same object bore N. W. by N. Required the Ship’s Latitude and 
Longitude in at the time of both Bearings. 

Answer. —The Variation of + point allowed, gives the True Bearings W. 8S. W., and N. W.4+N. The 
True Course South, and the Distance run in the interval of 2 hours, is 11 miles. This projected on the 
Chart in like manner as the last example, gives the position of the Ship at 5 A. M., Lat. 40° 26’ N., Lon. 
73° 51’ W.; and at 7 A. M.. Lat. 40° 15’ N., and Lon. 73° 51’ W. 


: EXAMPLE 4. 


At noon the N. W. end of St. Anthony (one of the Cape Verde Islands) bore 8. E. by E. by Compass. Ship then 
sailed on a South Course by Compass at the rate of 10 knots ar hour, until 4 P. M.,, at which time it bore N. E. by 
E. The Variation here being 14 points Westerly. Required the Latitude and Longitude of the Ship at the time 
of both Bearings. 

Answer.—The True Bearings are E. by S. + S. and N.E.4N. The True Course S. by E. } E., and the Dis- 
tance run in the interval of 4 hours is 40 miles. This projected on the Chart in like manner as the last, 
gives the Ship’s position at noon, Latitude 17° 23’ N., Longitude 25° 59’ W; and at 4 P.M. Latitude 
16° 45’ N., Longitude 25° 46’ 40” W. 


7 
Norr.—These two last examples are very useful when it is required to find the Ship’s exact position when altitudes 
are taken for the purpose of verifying the Chronometer from time to time during the voyage, and in ascertaining ita 
¢fror on Grssuwioh Rene Time and daily rate, and which will be found fully explained at page 155. ; 


SOUNDINGS 


The Soundings marked on the Chart are those at low water spring tides, and the depth is noted n. 
fathoms (or in feet in some of the harbor plans), and the nature of the bottom inserted. 

As the Ship’s place on the Chart can be determined by the Latitude observed and the Soundings laid 
down in that parallel of Latitude, it may also be determined within certain limits by a systematic manner 
of Sounding on approaching the land in foggy weather or in dark stormy nights, which is always a proper 
precaution, however correctly the reckoning may have been kept, because near the shore the Ship is under 
the influence of either Tides or Currents, which may, in the course of a few hours, set her considerably out 
of her proper course. 

To obviate this, take Soundings early (when Soundings can be obtained), sayat noon. TheShip’s position 
by observation being then marked on the Chart, the Soundings as laid down at the Ship’s place may be 
compared with the depth obtained from Sounding. This may be taken as a point of Departure. Then the 
Course and Distance sailed, say every 4 hours, projected on the Chart, may be verified by the Soundings at 
the end of every 4 hours, and in the event of thick weather setting in (as is often the case in making the 
land) any deviation from the proper Course and Distance allowed, may be at once detected. Even althvugh 
the vessel retains her proper Course, it gives greater confidence in the Reckoning, and does away with all 
doubt and anxiety on the subject. 

But, as before observed, this system of Sounding must be commenced early, so that the various Soundings 
obtained may be compared with each other, and also with these laid down on the Chart, from which a 
judgment may be formed of the Ship’s place from the track of Soundings she has passed over. 

Single Soundings taken without any reference to each other, are seldom of any use, and only tend to 
perplex the subject, except when the Latitude is known, or when the Ship comes suddenly into shoal water 


REMARKS ON SOUNDING WITH THE LEAD. 


There are two Leads used for Sounding, the Hand Lead, weighing 14 pounds, and attached to about 25 
fathoms of line, and the Deep-Sea Lead, weighing 28 or 30 pounds, and attached to 100 fathoms or more of 
line wound on a reel, and a small Lead of 5 or 6 pounds is sometimes used in shoal water. The lower 
end of these Leads have a hole in which a lump of tallow is inserted, for the purpose of adhering to the 
Hoa of the sea and bringing up a portion of it for examination. This is called Arming the 

ead. 

The Hand Lead is only used in shallow water, and the Leadsman standing in the main channels, throws 
it as far forward as he can, swinging it once or twice over his head if necessary, to give it increased force, 
and endeavoring to draw the line tight from the Lead at the instant the Ship, by her progress, places him. 
directly overit. The hand Lead descends about 10 fathoms in the first 6 seconds, hence when the vessel is 
going fast it is often difficult to get Soundings, unless her way is deadened. 

The line is marked as follows: Blue at 3, White at 5, Red at 7, Leather at 10, Blue at 13, White at 15, 
Red at 17, and 2 knots at 20 fathoms. These numbers are called Marks, and the intermediate ones Deeps. 
For example: In obtaining 7 fathoms, the Leadsman calls out, “ By the Mark seven.” In 8 fathoms, “ By 
the Deep eight.” The fathom is divided into a half and quarters. 7} fathoms are called “ and a quarter 
seven,” 7} fathoms ‘‘and a half seven,” 7% fathoms “a quarter less eight.” 

{n heaving the Deep-Sea Lead, it is carried forward to the weather cat-head, (and sometimes to the 
lee cat-head if the Ship is making much leeway.) The line being passed forward to windward an 
outside of all, the Ship’s way is then reduced, if necessary, and the Lead dropped, and as soon as i 
is felt to strike the bottom the line is hauled in a little and the bottom struck again. The mark at 
the surface of the water is then examined and the depth of water ascertained, allowing for the streaming 
of the line, caused by the vessel’s drift when hove to, and which sometimes amounts to 10 fathoms to 
the 100 of line run out. 

: i Sounding in deep water in small vessels, which drift to leeward rapidly upon losing their way, 
it is best to drop the Lead before the headway ceases, and to cause the vessel to gather stern-way, so 
as 10 pass over the Lead, which will thus have descended through a considerable depth perpendicularly. 

The deep-sea line is marked at each 10 fathoms by the corresponding number of knots, and with a 


single knot at each five fathoms. The error in Sounding is generally in excess, because the line can 
rarely he stretched straight from the Lead. 


SOUNDINGS. ; 53 


A J.ead-line should be well stretched and thoroughly wetted before it is measured and marked; because 
it has a tendency to shrink up on being used; and it should afterwards be verified from time to time, 
to ascertain whether the marks remain correct. " 

Soundings on board of Steam vessels may be made with more accuracy than on board of Sailing 
vessels; because they can be kept stationary while the line is running out by the aid of their wheels, 

Many inventions have been tried from time to time to obviate the inconvenience of rounding the Ship 
to when under a press of saii for the purpose of Sounding. And amongst them may be mentioned as the 
best, Massey’s Lead, Burt’s Buoy and Nipper, and Ericeson’s Lead. 

Massey’s Lead registers the depth of water descended through, by wheel-work, set in motion by a fl 
acted on by the water as it descends. But in great depths this fly is liable to be crushed. 

In Burt’s Buoy and Nipper, the line being rove through a spring-catch in the buoy, the Lead is dropped 
(and the buoy afterwards) into the water. The line then continues to run through the catch till the Lead 
reaches the bottom, or is checked by a pull, when the catch firmly seizes the line attaching the buoy to it 
at the depth descended through it by the Lead. 

Ericeson’s Lead measures the depth of water by the space into which the air, (contained in a glass 
tube and reservoir within the Lead,) is condensed by the pressure of the water. The depth is indicated on 
a graduated scale by the height to which the water rises in the tube. 

These instruments require a great deal of care and circumspection in their management. . For instance, 
by raising and lowering them alternately, they will be made to show the depth in excess, and they must 
be lowered gradually to the surface of the water. Moreover, they are all liable to get out of order in 
stormy weather, which is the very time they are most wanted. | From these considerations, they have not 
come much into use amongst merchant vessels, the commanders of which preferring the old and safe 
method of sounding by the Deep-Sea Lead and Line, and which is more to be relied on in cases of 
emergency. : 

In thick blowing weather, when a Ship is approaching the Coast, common prudence would dictate that 
she should be under easy sail; and by the exercise of a little seamanship, Soundings can always be 
obtained sufficiently accurate to ensure the vessel’s safety, from the use of their old and familiar friend, 
the Deep-Sea Lead and Line 
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DIAGRAM OF THE SOLAR SYSTEM, SHOWING: THE PLANETARY ORBITS ROUND 
THE SUN. 


Fia. A. 


EXPLANATION OF THE FIGURE. 


Thy Arrows show the direction in which they revolve row d the Sun in the centre 


No. 1. Orbit of Mercury. No. 4. Orbit of Mars. 
cr sat On ePeVenhus: $6 Biss Me cor supiter. 
* 3.  ‘ of The Earth and her Moon. “6. > of Saturn. 


The Solar System is that in which our Earth is placed, and in which the Sun is supposed to be fixed in 
the centre, with several bodies, called Planets, similar to our Earth, revolving round him at prea dis- 
tances from him and from each other, and which shine by the light borrowed from the Sun. 

The fixed Stars are supposed to be Suns which shine by their own light, and situated in the heals at 
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‘such an immense distance from our system that it is found impossible to measure or the human mind 
to conceive it. 

While the Earth and Planets are thus revolving round the Sun, from West to East, they have also 
a motion round their own axis in the same direction, and which, in the case of the Earth, produces 
our day and night. 

Although to a spectator placed in thé Sun, thé Planets would appear to move in due order about 
him from West to East, yet to a spéctator on the Earth their apparent motions appear to be very 
irregular. Sometimes they appear to move from West to East, and then to stand still. Then they seem 
to move from East to West, and after standing some time they again mové from West to East, and so on 
continually. This is Sasily detected by noticing the relative positions of a Planet and a fixed Star in thé 
heavens on a certain night, and then again at an interval of a few nights after. This is caused by the 
Earth not being in the centre of the system. 

That is the real state of the case. But in conformity with the impréssion on the mind of the specta- 
tor, that the heavenly bodies appear to rise in the Kast and set in the West, (which in reality is caused by 
the Earth’s motion on its axis in a contrary direction, ,) and in treating of N autieal Astronomy as applied tw 
the purposes of Navigation, we suppose the Earth to be placed in the centre of the Universe, (See Fig. 1, 
page 56,) and that the Sun and all the other heavenly bodies revolve round it. This supposition accords 
with the senses of the spectator, which greatly simplifies the whole matter, and the conelusions arrived at 
come to the same thing. 


DESCRIPTION OF THE PLANETS; THEIR MAGNITUDE AND DISTANCE FROM THE SUN. 


The Sun is the great centre of our Systerh,’and is 890,000 English miles in diameter, and he turns once 
round on his axis from West to East in 25 days 10 hours. 

There are upwards of 17 Planets which revolve around the Sun as a centre; but many of these are 
invisible to the naked eye. Some of them have satellites or moons, which revolve round them, and being 
attracted to it, they are carried round the Sun along with the Planet, as in the case of our Earth and 
Moon. 

Out of all this number of Planets and Moons, only 5 can be made serviceable in the Practice of Naviga- 
tion at Sea, viz: Venus, Mars, Jupiter, Saturn, and the Moon. Mercury being always too near the Sun is 
seldom seen on account of the sunlight, and the others are too small or too remote, and shine with such a 
feeble light that they can only be seen ‘and distinguished by using good telescopes on shore. 

The path which the Planets describe round the Sun is called their Orbits. Mercury and Venus are 
called Inferior Planets, because their orbits are within that of the Earth, while the Earth, Mars, Jupiter, 
nd Saturn are called Superior Planets, because their orbits include that of the Earth. 

Mercury is a small Planet; his diameter being only 3.200 miles. His distance from the Sun 37 millions 
of miles, and he performs his revolution in his orbit in 87 days 23 hours. 

Venus is the brightest of all the Planets, Her diameter is 7,687 miles. Her distance from the Sun 69 
millions of. miles, and she performs her revolution in her orbit in 224 days 17 hours. On being viewed 
through a telescope she appears horned sometimes, like our Moon. When this Planet is in the Western 
part of her orbit she rises before the Sun, and is then called the Morning Star. When in the Eastern, she 
shines after sunset, as the Evening Star. . 

The Earth is the next Planet in the system, the mean diameter of which is about 7,913 miles. (See 
Description of the Earth at page 2d.) Its distance from the Sun is 95 millions of miles, and its period of 
revolution in its orbit, 365 days 6 hours nearly, or one year, which produces the change in our seasons, and 
turning on its axis in 23 hours and 56 minutes, produces our day and night. 

The Earth is attended by a satellite or moon, whose diameter is 2,161 miles, and her distance from the 
centre of the Earth is 240,000 miles. She goes round her orbit in 27 days 8 hours; but reckoning froin 
change to change, in 294 days, and she turns round on her axis in the same time, but always presents the 
same side to the Earth. And as she shines by the reflected light of the Sun, she appears differently 
according as she is situated with regard to him. When she is on the same side, her dark side is turned 
towards the Earth and is then invisible. This is called New Moon. When she is on the opposite side, her 
light side is turned towards the Earth. It is then said to be Full Moon. 

Mars is the next Planet to the Earth. His Diameter is 4,189 miles. His distance from the Sun is 144 
millions of miles. He performs his revolution in his orbit in about 687 days, and turns on his axis once in 
24 hours 40 minutes. Mars may be easily distinguished from the other Planets, by his red appearance, 
which is supposed to be caused by his dense atmosphere. 

Eleven small Planets revolve between the orvits of Mars and Jupiter, but as they are of no service to 
Navigation, it is useless to describe them. 
Jupiter is the next and largest of all the Planets, and is easily distinguished by his peculiar magnitude 
and light. His diameter is 89,170 miles. His distance from the Sun 494 millions of miles. He performs 
his revolution in his orbit in 4, 339 days, or 12 years nearly, and he turns on his axis once in 9 hours and 
56 minutes. This Planet is attended by 4 satellites cr moons, but is invisible to the naked eye. In viewing 
Jupiter through a telescope, these moons make a beautiful appearance, together with the belt over his 
equator, supposed to be caused by the swiftness of his diurnal motion, in drawing his clouds and vapors 

into that form. 

Saturn is the remotest of all the Planets which are useful in Navigation, and may be distinguished by 
his pale and feeble light. His diameter is 79,042 miles. His distance from the Sun is about 900 millions of 
miles. He performs his revolution in his erbit in 29 ycars 167 cays, and turns on his axis once in 10 
hours 16 minutes, and is attended by 7 moons. This Planet is different from all the others when viewed 
through a telescope, being furnished with a broad double luminous ring, which appears intended to increase 
the quantity of light received from the Sun, and which, on account of his vast distance from that body 
must be very feeble. 
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DIAGRAM OF THK SPHERE, 


Drawn on the Plane of the Meridian tn 45° North Latituae. 
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The Spectator is supposed to be situated at a great distance East of the Earth, and looking towards the West 
having North on the Right and South on the Left. 


TO CONSTRUCT THE K#IGURE. 


Take 60° from the line of Chords on the Plane Scale, and describe a circle, which will repre- 
sent the Circular Dome of the Heavens, and from the centre draw a lesser circle, which will 
represent the Earth in the centre of the Sphere. Draw a horizontal line through the centre, which 
will cut the Earth in two halves, and represents the Rational Horizon. Draw another line perpendicular 
to it, which will divide the Heavens into four equal parts of 90° each. This line or circle. is called the 
Prime Vertical, and passes through the East and West points in the centre. The top or point overhead 1s 
called the Zenith, which is 90° from the Rational Horizon; and the bottom or point under foot is called 
the Nadir, also 90° from the Rational Horizon. 

Take 45° from the line of Chords. and with one foot of the dividers on the Right hand of the Horizon, 
lay it off upwards, and draw a line from thence through the centre, will represent the Elevated Pole of the 
Heavens and the Earth’s Polar Axis. At 90° from the Pole draw the Celestial Equator through the centre 
also, and it wili be perceived that the Poles of the Heavens coincide with the Poles of the Earth, and the 
Celestial Equator coincides with the Equator of the Earth. 

Take 214° from the line of Chords, and with one foot of the dividers on the Left hand of the Horizon, 
lay it off upwards, will be the Sun’s place on the Meridian to the South of the spectator. This is called 
the Celestial Meridian, and passes through th’ Poles of the Heavens. Lay 214° off in like manner to the 
Right; vhen take 214° from-the line of semi-tangents on the Plane Scale, and lay it off from the centre 
upwards, and through these three points describe a circle, which is called a Parallel of Altitude, and 
whieh in this case js the Parallel of the Sian’s Meridian Altitude, and is always measured from tke 
Ratinna! Horizon. Parallels of Altunudes ar- parallel with the Horizon. 
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DEFINITIONS 


This relates to finding the place of the Ship on the surface of the Earth from observations of the 
heavenly bodies. 

To the spectator at the surface of the Earth the heavens appear to form a vault, or the upper half of a 
hollow sphere, of which he is the centre. The Earth itself, or the ground or Sea on which he stands, 
occupying the lower half. And supposing the North Pole Star to represent the Elevated Pole. of the 
heavens. or the polar axis of the Earth extended to the heavens, that part of it which is situated 90° 
from the Polar Star will be the Celestial Equator, or the Great Circle which passes round the heavens 
from East to West, the half of which only is above the horizon of the spectator, unless he is stand- 
ing on the North Pole of the Earth; then the Celestial Equator would extend around and coincide 
with his horizon, and the North Pole Star would then be seen directly over head. At the South Pole, 
the Celestial Equator would also be in the horizon, and the North Polar Star under his feet. From 
which it is easy to imagine circles drawn in the heavens corresponding to those drawn on a terrestrial 
globe. 

A spectator conceives himself standing on the surface of the globe, with his feet toward the centre. 
Now, suppose he were to descend to the centre. and the upper half of the Earth, or globe, to be cut 
off horizontally, that is, parallel with the horizon, the surface of the lower half globe so exposed, and 
being produced on all sides to meet the concave Celestial sphere, is called the Rational Horizon. Every 
point of the Earth's surface has, therefore, a different rational horizon. But all these horizons meet in 
the centre of the Earth. (See Fig. 1.) 

Celestial observations taken at “the surface, are reduced to the centre of the Earth; therefore the 
observer is supposed to be at the centre of the Earth. This is necessary in the case of the Moon, 
because she is near the Earth, and the Sun, and some others. But the fixed Stars being at such an im- 
mense distance from the Earth, its magnitude is nothing in comparison, so that the space between the 
centre, and ihe surface, or the Earth’s semi- diameter, would produce no change whatever in the places of 
the Stars in the heavens. Therefore, in drawing figures for general purposes, the Earth is considered as 
a mere speck in the centre of the Sphere, and its “magnitude entirely neglected. 


The Zenith is the point vertically over the spectator’s head, and distaat $0° from the rational horizon at 
every point. 

The point opposite the Zenith, or under the spectater’s feet on the other side of the centre, is called the 
Nadir, Aa 


The Pole of the heavens is the point which remains fixed, while the rest of the Celestial surface sees 
above the horizon appear to revolve. That Pole which is above. the horizon, is called the Elevated Pole. 


The Celestial Equator is a great circle passing round the heavens, at 90° distance from the Poles, in 
the same plane as the Earth’s “Equator. 


The Celestial Meridian is a circle passing through the Poles of the heavens, in iLe same plane as the 
Terrestrial Meridian. 


Circles of Altitude are circles passing through the Zenith, and vertical at the place of the observer, and 
are measured from the Horizon towards the Zenith. 


The Prime Vertical is the vertical eircle passing through the East and West points in the centre, and 
appears as a straight line. 


Zenith Distance is the distance of any heavenly body from the Zenith. The Zenith Distance is therefore 
the Difference between the Altitude and 90°. 
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DIAGRAM OF 1HE SPHERE. 
Drawn.on the Plane of the Meridian in 45° North Latitude. 
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In this Figure the Earth ts $ supposed to be a mere Potnt in the Centre, and the Spectator situatea at a great 
distance to the Eastward of it. 


TO CONSTRUCT THE FIGURE. 


Construct this figure in the same manner as in the preceding one. Then take 23° 28’ (the extent of the 
Sun’s Declination North or South of the Equator) from the line of Chords, and lay it off on both sides of 
the Celestial Equator on the Meridian Cirele, and take the same quantity, 23° 28’, from the line of Semi- 
tangents, and lay it off on both sides of the Equator on the Earth’s axis. Then through these three points 
on each side of the Equator describe a Circle, which will be the Sun’s Parallels of Declination North and 
South of the Equator. Suppose the Sun on the Prime Vertical, in the one case, having North Declination, 
and in the Horizon, in the other case, having South Declination. A Circle drawn from the Poles through 
these two points, will be the Time Circle, and which will cut the Equator at right angles. Take the 
Distance between it and the Meridian Circle, will give the measurement of the hour ‘angle from Noon on the 
line of semi-tangents backwards 67°, or 4 hours 28 minutes. The Sun being on the Prime Vertical in the 
one case, and rising or setting in the other. 

The Sun being on the Prime Vertical Circle, which in this case is also his Azimuth Circle, and which 
cuts the horizon at right angles, is measured on the horizon, towards the Polar side of the Meridian Circle, 
and in this case measures 90°. on the line of semi-tangents. 

A Circle drawn from the Zenith to the Nadir, through the Sun’s place in the horizon, is called the 
Amplitude Circle, and which cuts the horizon at right angles. The Distance between it and the eats 
or the East and West points, measured on the line of semi-tangents, gives the Amplitude, 34°, North, 


the one case, because the Declination is North, and South in the other case, because the Pes inetoniis is 
South. 
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DEFINITIONS. 


The Deciination of: a Heavenly: Body is the portion of the Meridian contained between the Equator and 
the body. It is reckoned from the Equator, and.is:therefore-either:North or South. (See Fig. 2.) 


Parallels of Declination are circles: parallel’ to. the: canis Thus Declination is: reckoned from the. 
Celestial Equator; as Latitude on the surface of the Earth is reckoned from the Terrestrial Equator , 
and as-both these circles are in one-and the same plane. Declination and Terrestrial Latitude correspond. 


Polar Distance is an Arc of the Meridian contained between a Celestial body and thePole, or the Angular 
Distance of a body from the Pole. When the Latitude and Declination are of the same name, the Polar Dis- 
tance is the difference between the Declination and 90°; because the distance from the Pole to the Equator 18: 
90°. When the Latitude and Declination are of contrary names, the Polar Distance is the sum of the Decli- 
nation and 90°. ' 


The Azimuth of a Celestial body isan Angle at the Zenith contained between the Meridian: Circle of the: 
place of the spectator and the Circle of Altitude passing through the body: It. is: reckoned’ to begin from: 
that part of the Meridian Circle which is on the Polar side of the Zenith, that is, from the North in North 
Latitude, and from the South in South Latitude. The Supplement or Difference between it and 180° is fre- 
quently used for convenience, and reckoned from the opposite point. The Azimuth is measured by an Are 
of the Horizon contained between the Meridian Circle of the place and the Circle of Altitude of the body, 
towards the East in the Morning and the West in the Afternoon. The Ship’s Course is the Azimuth of the 
Ship’s head, and reckoned from the North or South. So also is the bearing of an object its Azimuth. 

When a body is on the Prime Vertical its Azimuth is 90°. 


The Amplitude of a body is an Arc of the Horizon contained between a Celestial body at rising or set- 
ting, and the Prime Vertical Circle, or the East and West points. Amplitude is reckoned from the East or 
West towards the North when the Declination of the body is North, and towards the South when the 
Declination is South. 


The Latitude, or Distance of the observer from the Terrestrial Equator, is measured on the Celestia! 
Sphere and is the Distance of his Zenith from the Celestial Equator. When the object is to the South of the 
observer, his Zenith is to the North of the body, and is called North Zenith Distance. When the object is 
North of the observer, his Zenith is to the South of the body, and is called South Zenith Distance. There- 
fore, when the Declination and Zenith distance are of the same name, their sum is the Latitude of that 
name; and when of sontrary names their difference is the Latitude of the same name as the greater of the 
two, 

The Elevation of the Pole above the Horizon is equal to the Latitude of the place, and the Altitude of 
’ the uppermost point of the Equator on the Meridian is equal to the Co-Latitude, or the difference between 
the Latitude and 90°. By noting this, and also that the Equator passes through the East and West points, 
it is easy, in looking ts wards the. Heavens, to figure in the mind, roughly, the position of this circle. This 
is often found useful in identifying a Star by means of its Declination, which is measured from the Equator. 


Tne Hour Angle of a Celestial body is an Angle at the Pole contained between the Meridian Circle of 
the place and the Celestial Meridian or Time Circle, which passes through the body, and cuts the Equator 
at right angles, and is measured by an Arc of the Equator contained between the Meridian Circle of the 
place and the Time Circle which passes through the body, and in the case of the Sun gives the apparent 
time from noon, or his distance from the Meridian. reckoned at the rate of 15° to the hour. 

Thus in figure 2d we have the Co-Altitude, Co-Latitude, and Polar Distance ; three sides of a Spherical 
Triangle given to find the Angle at the Pole, which is measured on the Equator. 

The Hour Angle is thus measured on the Celestial Equator. in the same way as Longitude is measured 
on the Terrestrial Equator. 
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DEFINITIONS. 


The path on which the Sun appears to move, or the great Circle which he seems to describe in the 
‘leavens, is called the Ecliptic. 


The Ecliptie is divided into twelve Signs, or portions of 30° each, called ‘1c Signs of the Zodiac, which 
term means a space or belt of 8° wide on each side of the Ecliptic, in which the older discovered Planets 
and the Moon appeared to move, and to which they were confined. The Signs, taken in the order in which 


the Sun moves through them, that is, in the contrary direction to the apparent diurnal motion, are as 
follows : 


P Aries, (The Ram.) hil «: Libra, (The Balance.) 

8% Taurus, (The Bull.) L Scorpio, (The Scorpion.) 

1 Gemini, (The Twins.) # Sagittarius, (The Archer.) 

% Cancer, (The Crabs.) ¥? Capricornus, (The Goat.) 

SL Leo, (The Lion.) sx Aquarius, (The Water Bearer.) 
™ Virgo, (The Virgin.) | %€ Pisces, (The Fishes.) 


= 


Besides this perpetual motion from West to East, the Sun is always changing his Declination, which 
varies between 23° 28’ N., and 23° 28’ S., and he crosses the Equator twice in one year, namely: about 
the 21st of March, he is then entering the first point of Aries, and commences the Astronomical Year, and — 
proceeds into North Declination. He crosses again about the 22d of September, and is then said to be in 
Libra, and proceeds into South Declination. 

When the Sun crosses the Equator, he rises and sets at 6 o’clock in all parts of the world. At these 
times, therefore, the days and nights are everywhere equal. 

The Sun attains his greatest North Declination about the 21st of June; he is then in the Tropic of 
Cancer; and his greatest South Declination about the 22d of December; he is then in the Tropic of 
Capricorn. 

Since it is Summer on that side of the Equator on which the Sun is, and Winter on that side on which 
he is not, the Seasons in South Latitude are reversed. 


The Common or Civil Year, as most convenient for the affairs of life, includes the succession of the 
seasons. It is therefore the interval in which the Sun leaves any Parallel of Declination, and returns to it 
again, and is called a Tropical Year. Its length, that is, the average length of a number of such years, ia 
365 days 5 hours 48 minutes 6 seconds of Common or Mean Time. The beginning of this Tropical Year 
commences on the Ist of January. 


Declination being the Distance of any Heavenly Body. North or South, of the Celestial Equator, it is used 
in determining the position of the Fixed Stars, exactly as Latitude is used in determining places on the 
Earth’s surface. 


Right Ascension of a Celestial Body is an Arc of the Celestial Equator included between the first point 
of Aries and the Celestial Meridian of the body, and is reckoned from West to East. Circles of Right 
fact are drawn from the Poles through the body, and cutting the Celestial Equator at right 
angles. ? 

The Celestial Equator is divided into 360° of Right Ascension, which, at the rate of 15° to the hour, 
make also 24 hours of time. Thus Right. Ascension is reckoned on the Celestial Equator, exactly as Lon- 
gitude of places on the Earth is reckoned on the Terrestrial Equator. The first point of Aries being used 
as a first Meridian, and from which the Right Ascension of al] the Heavenly Bodies are reckoned in hours 
os MENG the same as the first Meridian of Greenwich is used to reckon the Longitude from, in Degrees 
an inutes. 


Right Ascension is therefore used in determining the places of the Heavenly Bodies, and is their distance 
in time from the first point of Aries. 


Sidereal Time begins when the first point of Aries is on the Meridian, and is counted through the 24 


hours, till the same point returns again, which is called a Sidereal Day, and consists of 23 hours 56 min- 
utes 4 seconds of Common or Mean Time. 


The Hour Angle of the first point of Aries is the Right Ascension of the Meridian. 
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DIAGRAM, 
Showing the Motion of the Heavenly Bodies round the Pole, drawn on. the. Plane.of the. Celestial Equator 
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in this Figure the Spectator is supposed to be standing on the North Pole, facing toward the South, having 
East on the Right hand and West on the Left. 


TO CONSTRUCT THE FIGURE. 


Take 60° from the Chords and describe a circle which will represent the Celestial Equator. Draw a 
perpendicular line to represent the Meridian. Make © the first point of Aries, and mark the Hours of 
Right Ascension round the Equator from Right to Left, according to the progression of the Heavenly 
Bodies, which is, from East to West. Mark the Sun, whose Right Ascension from the first point of Aries is 
Vilh. Then the Sun’s Hour Angle West of the Meridian at M is 3 hours. 

The first point of Aries having passed the Meridian 7 hours before the Sun, the Sun’s Hour Angle added 
to it gives Xh. as the Right Ascension of the Meridian, or, as it is called, the Sidereal Time, which com 
mences when the first point of Aries is on the Meridian, and is counted through the 24 hours, until it again 
comes to the same Meridian. i | 

Suppose a Star, whose Right Ascension is XIX h., which has, passed the opposite Meridian at N., its Hour 
Angle is 15h., counted from the Meridian round by the West, which, together make 34 h., from which sub- 
tract 24 h., gives Xh. for the Right Ascension of the Meridian; or, if couhted to the Eastward, its Hour 
Angle from the Meridian is 9h. Subtracted from XIX (its Right Ascension) gives the same. 

Suppose the Moon’s Right Ascension to be XIII, and her Hour Angle 21 h., which together make 34, from 
which subtract 24 hours, gives the Right Ascension of the Meridian as before, Xh. Or the Moon’s dis- 
tance from the Meridian to the East being 3 h., subtracted from her Right Ascension, gives the same. 

From the above figure it will be perceived that the Celestial bodies in their diurnal motion in the 
Heavens are continually forming Angles with the Meridian around the Pole from West to East, caused by 


the rotatory motion of the Earth on its axis, contrary to their motion in Right Ascension, which is from East 
to West. and which is caused by the Earth revolving round the Sun. 
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All Hour Angles, which are differences of Rigt.¢ Ascension of the Meridian and that of a Celestial body, 
may be considered as portions of Sidereal Time. The interval of time in which a body describes an Hour 
Angle, depends on the rate at which its Right ascension changes. 


The Earth’s motion round its axis being perfectly uniform, becomes the real standard of a uniform 
measure of time. But as any Star passes the Meridian nearly 4 minutes earlierevery night, the beginning 
of the Sidereal Day has no connexion with that of the common, or Civil Day, as determined by light and 
darkness. 


The Hour Angle of the Sun, reckoned always Westward from the Meridian, is Apparent Time. Thu 
when the Sun’s Meridian has passed over 45° of the Celestial Equator to the Westward of the meridian of 
the place, it is said to be 3 hours Apparent Time. 


The interval between the Sun’s passing the Meridian on one day and the next, or the apparent Solar 
Day, is not always of the same length, the difference being sometimes half a minute between one day and 
the next. But the time for general use must unite the two advantages of being regulated by the Sun and of 
being perfectly uniform. The mean, or average day of 24 hours, must therefore be an average taken of 
all the days in the year. That is, such a day as the Sun would regulate if he moved uniformly in Right 
Ascension, or the time a Solar Clock would show, when set at 0 hours, 0 minutes, 0 seconds, at the instant 
the Sun was on the first point of Aries, and keeping uniform time until his return to the same point, 
would again show 0 hours, 0 minutes, 0 seconds. 


This average day is called the Mean Solar Day, and the time thus regulated, is called the Mean Time. 


The Sun being generally either behind or in advance of the position which he would have occupied if he 
had moved uniformly, Apparent Time is in general either fast or slow of Mean Time. The correction for this 
irregularity, that is, the. Difference between the Sun-Dial and the Solar Clock, is called the Equation of 
Time. Mean Time is, therefore, deduced from Apparent Time, by applying the correction for the Equa- 
tion of Time taken from the Nautical Almanac. 


Suppose © to be the place of the Sun, in Fig. 4, at 3 P. M. Apparent Time, and m the place he would 
oe if he moved uniformly. Then the space between © and ™m, is the Equation of Time, and Mm, the 
Mean Time from Noon. The Equation is here additive to Apparent Time, as is the case from January to 
March, and from July to August. 


Referring to Fig. 4again. While the Sun and Aries revolve, the Sun moves contrary to the diurnal 
rotation, or is always increasing his Right Ascension by nearly 1° aday. The complete revolution of 
constitutes a Sidereal Day, that of © an Apparent Solar Day, and that of m a Mean Solar Day. — 


After 24 Sidereal hours, the Sun has still to describe about 1°, or one 360th of 24 Sidereal hours, or 4 
Sidereal minutes. Thus the Solar Day is longer than the Sidereal Day by about 4 minutes. The Mean 
Solar day being divided into 24 hours, the Sidereal Day is 23 hours, 56 minutes, 4 seconds of such a day. 


Since the Sun passes over 15° of the Circle in one Mean hour, he arrives at.the Meridian of a place 15° 
West of M one hour after he has passed M, that is, at one o’clock of the time at any place, or all places 
of which N M is the Meridian. In like manner, he passes a Meridian 15° East of M one hour before he 
arrives at M, that is, when the time at M is 11 o’clock in the forenoon, or'23 hours after the noon of the 
day before. r 


Thus the beginning of the day, and therefore the hour of the day at one place differs from that of another 
place by the difference of Longitude of the places. The time at the Easternmost of the two being in 
advance of, that is, greater than the time at the other. Hence, when the Mean Time at two places at the 
ee are known, their Difference of Longitude is determined, and also the relative positions. of their 

eridians. 


The Civil Day is dated from Midnight, and the 12 hours are computed twice over. The Astronomica 
Day is dated from Noon, and runs through the 24 hours. Civil Time is converted into Astronomieal Time 
hy diminishing it bv 12 hours. ~ 


¢ 
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DIAGRAM. 
Showing the method of finding the Stars in the Heavens from their Meridian Altitudes. 


Piro THE Meripux ALTITUDE OF THE STAR ALDEBARAN INTHE LATITUDE oF 45° Nortrv 
Fic. 5. 


Drawn on the Plane of the Meridian. 


TO CONSTUCT THE FIGURE. 

With the Chord of 60 describe a semi-circle, and draw the Horizontal and Prime Vertical lines at Right 
Angles to each other. Elevate the Polar Axis equal to the Latitude of 45° N., and draw the Equator at 
Right Angles to it. Lay off the Star’s Declination, 16° 13’, on the Meridian to the North of the Equator, 
which will be the place of the Star, and its Distance measured from the Horizon, is the Altitude required. 
Now, as the Elevation of the upper end of the Equator above the Horizon, is equal to the Co-Latitude of 
the place, which is North, and the Declination of the Star being also North, their Sum is the Meridiaz 
Altitude of the Star, 61° 13’, South of the observer, because his Latitude is North. 


Wap THE Merripian ALTITUDE OF THE STAR ANTARES IN THE LATITUDE o¥ 30° North. 
Fic. 6. 


Drawn on the Plane of the Prime Vertical. 


OU POINT. OF THE HORIZONS |, 
4 STR TE aE iach sorta ea ; 
TO CONSTRUCT THE FIGURE. 

With the Chord of 60°, describe a semi-circle as before, which will represent the Prime Vertical Circle 
Draw the Rational Horizon line, and at right angles to it from the centre, draw the Meridan line or Cirele. 
The Spectator is now facing the South. The Prime Vertical Circle passes through the East point of the 
Horizon on the Left, and through the West point of the Horizon on the Right. 

The Elevation of the Celestial Equator above the Horizon being equal to the Co-Latitude, take 60° (the 
Co-Latitude) from the line of semi-tangents, and lay it off on the Meridian line. Then through this 
point, and the East and West points of the Horizon, draw the Celestial Equator. From the line of semi- 
tangents take the Star’s Declination, 26° 6’ South, (measured from 60° backwards,) and lay it off from the 
Equator towards the South point of the Horizon on the Meridian line, and draw the Parallel of Declination 
parallel to the Equator. Then where it crosses the Meridian line is the Star’s place, and its Altitude above 


the Horizon is 33° 54’ South, measured on the line of semi-tangents ; and where the Parallel of Declinatior 
ents the Horizon shows the places of the Star’s rising and setting. 
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Finp THe Meripian ALTrrupe oF Canopus, IN THE LatTiTruDE oF 33° Sovutu. 


Fic. 7. 


ZENUTH 


“- 
~ 
Jd 


u} Tas 
‘ 
é is 
ives pe 
kK r 
[bag ri 
ve) y vty 
> ,e 
qeven 
‘o 


- 


423 


TO CONSTRUCT THE FIGURE. 


Having drawn this Figure as in Figure 5, elevate the Polar Axis equal to the Latitude of 30° South, and 
draw the Equator at Right Angles to it. From the Equator, lay off the Star’s Declination, 52° 27’, on the 
Meridian towards the South, which will be the place of the Star, and its distance from the nearest Horizon 
is its Meridian Altitude South. 

In this case, the elevation of the upper end of the Equator above the Horizon being equal to the Co-Lat- 
itude of 60° South, and the Declination. of the Star 52° 27’ South, both of the same name, their Sum 112° 
27' exceeds 90° , must be subtracted from 180°, gives the Meridian Altitude of the Star 67° 33’, reckoned 


from the South ‘point of the Horizon. 


Fino rHE Meripian ALTITUDE or CasTror IN THE LaTiITUDE oF 10° Norru. 
Fie. 8. 
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TO CONSTRUCT THE FIGURE. 


Elevate the Polar Axis equal to the Latitude of 10° North, and draw the Equator at right angles to it. 
rom the Equator lay off the Declination of the Star, 32° 18’, on the ‘Meridian towards the North, whick 
will be the Star’s place. Then its distance from the nearest Horizon is its Meridian Altitude. 

In this case. the Sum of the Co-Latitude 80° North, and the Star’s Declination 32° 18’ North, is 112° 18’, 
which exceeds 90°, must be subtracted from 180°, gives the Altitude 67° 42’ North. 

Thus having the computed Altitude of any Star on the Meridian, the Star itself is found by setting the 
index of the instrument to this Altitude and facing towards the South or the North, as the case may be, 
and the Star will be seen on the Horizon. 

On referring to Figure 4, the time at which the Stars pass the Meridian is easily computed by subtraet 
ing the Sun’s R. Ascension from the Star’s R. Ascension, (increasing the latter by 24 hours, if necessary), 
will be the apparent time of its Meridian passage. For example : Suppose a Star, whose R. A. is XIX h. 
in Fig. 4; the Sun’s R. A. same time is VI[h.; the difference 12h. or Midnight, is the time the Star 


passed he Meridian at N. 
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CORRECTIONS OF: THE ALTITUDES OF THE HEAVENLY BODIES OBSERVED AT SEA. 


Dip of the Horizon is the Angle through which the Sea Horizon appears depressed, in consequence. of the... 
elevation of the spectator’ s eye ‘above the Sea level, 

Suppose the observer’s eye to be at e (in the figure for Dip of the Horizon), and a perpendicular kins. 
drawn to his zenith. Then a line drawn at right angles to it will be the True Horizontal Line. But his 
eye being elevated above the Sea, his vision ‘extends over the curvature of the Earth’s surface, in the 
direction of the Visible Horizon, or ‘the dividing line between the Sea and Sky. And as the Altitudes of all 
Heavenly Bodies are measured to this line, it is evident that the Altitudes so obtained are too great by the 
amount of the angle of the Dip of the Horizon contained between the True and the Visible Horizons. The 
distance of the Sea Horizon from the observer is about 6 miles when the eye is elevated 30 feet above the 
Sea; and if it were possible to observe an Altitude with the eye at the surface of the Sea, as at S, there 
would be no correction required for Dip, because the True and the Visible Horizons are in the same line, 
and the Rational Horizon is considered to be also on the same line. | 

The Dip of the Horizon at different elevations is given in Table V for that purpose, and is always sub- 
tractive from the observed Altitude. 


Refraction. 


The rays of light proceeding from a Heavenly Body when not in the zenith, in traversing the 
Earth’s atmosphere, become bent or refracted more and more, on approaching the surface of the Earth, 
towards the perpendicular, which causes all the bodies to be seen above their true places in the Heavens; 
consequently the observed Altitudes are too great by the amount of the Refraction. The rays of light pro- 
ceeding from the Sun at L (in the figure for Refraction), entering the atmosphere at A, becoming bent 
upwards as it proceeds, the spectator sees the object at U, and the difference between the True and the 
Apparent places of the Sun is the amount of Refraction. The Refraction is 0 at the zenith, because the 
_ rays of light penetrate directly downwards, and are not bent out of their course. At the Horizon the 
Refraction i is about 34’, because the rays of light enter the atmosphere obliquely, so that. all bodies, (except 
the Moon), when on the Horizon, are raised that much above their true piace. In the figure the lower © 
appears in his true place below the Horizon, but the rays of light entering the atmosphere at m are bent 
upwards or refracted, and the © is seen above his true place in the Horizon. Refraction diminishes as 
the Altitudes iiiérease from the Horizon to the Zenith, and the correction for Refraction is given in Table 
{V for that purpose, and is always subtractive from the observed Altitude. 


Parallax. 


As before observed, the Earth is considered as a mere point in the centre of the Sphere, aa 
regards the Stars, which are situated at a great distance from it, but with respect to the Sun, Moon, and 
Planets, the Earth’s semi-diameter must be taken into consideration in measuring the Altitudes of these 
bodies, especially the Moon, which is the nearest to the Earth. Parallax, therefore, is the depression of a 
Heavenly body, in consequence of its being seen from the surface instead of from the centre of the Earth ; 
and the nearer any Heavenly body is to the Earth, the greater is the Angle of Depression. 

The Moon, to an observer at the surface, would appear to be situated in the Heavens at A, (in the figure 
for Parallax), but to an observer at the centre, her place would be at T, her true place in the heavens; and 
the difference between the two places is called her Horizontal Parallax, and which is always greatest at 
the Horizon. Again, to an observer at the surface, the Moon would appear at a, but to an observer at the 
eentre Of the Earth she would be at ¢, her true place in the Heavens. The difference between these two 
places is called her Parallax in Altitude. The Sun and Planets being at a greater distance from the Earth 
fave only a very small parallax. S and P represent the Parallax of the Sun and Planet. When a body 
is in the Horizon its Parallax is greatest. The Sun’s Parallax is only 9”, while the Moon’s Parallax is 
above 1° sometimes. But when a body is in the Zenith its Parallax is 0, ’ because it is seen in the same 
line from the centre as from the surface, as at Z. The Sun’s Parallax in ’ Altitude i is given in Table VI. 

The Moon’s Horizontal Parallax, which is in il eg change, and the Parallax of the Planets. ara 
given in the Nautical Almanac. 


+ NAUTICAL ASTRONOMY. 
DIAGRAM, 


Showing the Manner of Measuring the Altitudes of the Heavenly Bodtes at Sea, and the Correction fos 
Semt-diameter. 


Fie. 10. 4 


JSALPELA Troms so NY 


This figure represents the different methods of observing the Altitudes of the Sun and Moon by bringing 
their upper or lower limbs in contact with the Horizon. 

No. 1 is an Altitude of the Sun’s lower limb brought in contact with the Horizon. This is the usual 
method practised at Sea, being the most simple and correct mode of doing it. His semi-diameter added 
gives his observed Central Altitude. ; ; 

No. 2 is an Altitude of the Sun’s upper limb brought in contact with the Horizon. This is only resorted 
to in the event of the lower limb being hidden by clouds. His semi-diameter subtracted gives his observed 
Central Altitude. 

No. 3 is an Altitude of the middle of the Sun brought down to the Horizon. This kind of observation 
is only used when his limbs are so ill-defined, in consequence of the sky being overcast, as in the case when 
he shines through a rain-cloud, that no observation can be made with them ; the body of the Sun, however, 
may bevisible. By a little practice this method may be turned to a good account in finding the Latitude of 
the Ship, in the room of a better. At all events, it is more to be trusted to than the Latitude by Dead Reck- 
oning. In this case no semi-diameter is allowed, because the Central Altitude is observed. 

No. 4 is an Altitude of the Moon’s lower limb brought in contact with the horizon. In this case the 
Moon’s semi-diameter added, gives her observed Central Altitude. 3 

No. 5 is an Altitude of the Moon’s upper limb brought in contact with the Horizon. This is necessary 
when her horns are turned downwards, and in this case, her semi-diameter subtracted gives her observed 
Central Altitude. 

No. 6 is an Altitude of a Star or Planet bisected on the Horizon. This gives its observed Central 
Altitude. © 

Tne semi-diameter of the Sun is given in the Nautical Almanac throughout the year. His greatest 
semi-diameter is 16’ 18’, at the time the Earth is nearest to the Sun, in December; and his least is 15’ 45", 
at the time the Earth is farthest from the Sun, in June. But in dealing with Altitudes, we generally allow 
16’ as his mean semi-diameter throughout the year. . ! 

The Moon’s semi-diameter is also given in the Nautical Almanac for the nearest noon and midnight ait 
Greenwich, because it changes very rapidly, her greatest being about 16’ 48”, and her least about 14’ 43”. 
so that it is necessary to take it from the Almanac when great accuracy is required. But in general the 
mean of the extremes, which is about 16’, is taken as the “Moon’ S semi-diameter. 

The Stara and Planets require no ¢orrection of the Altitude for semi-diameter. 

r) 
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INSTRUMENTS OF NAUTICAL ASTRONOMY. 


DESCRIPTION, ADJUSTMENTS, AND USE OF THE QUADRANT AND SEXTANT. 


These are instruments for measuring angles between two objects, by bringing the reflected image of one 
of them in contact with that of the other seen direct. They are also necessary for observing Altitudes | 
of the 3 Pad bodies at Sea, where the spectator has no fixed point of reference except the horizon. 

See Fig. 10. 
On Shore this fixed point is obtained by means of the Artificial horizon, when the Sea horizon is 
obstructed by the land. 4 

The Quadrant contains an Are of more than 45°, or the eighth part of a Circle ; but on account of the 
double reflection it measures a few degrees more than 90°. The Arch, or Limb, is divided into degrees, and 
numbered from Right to Left. These are subdivided into 3 parts of 20 minutes each, which are again 
‘subdivided into single minutes, by means of a scale at the end of the Index. The Index is a flat brass bar 
that turns on the centre of theinstrument. When moved forward in measuring Altitudes the screw behind 
clamps it to the limb, and the tangent screw is then used to make the contact. 

The Nonius is a scale fixed to the lower part of the Index bar, and is sometimes called a Vernier. This 
is a portion of an Are having the same centre, and divided into one part more than an equal portion of 
the Arc itself, and is used for making more minute divisions on the Arch, which may be best explained by 
the following 


aX AMPLE. 


Suppose a division on the Arch to be one-third of 1°, or 20’, and the Vernier to be equal in length to 19 divisions, 
or 380’, and divided into 20 equal parts, then each of the divisions on the Vernier is one-twentieth of 880’, that is 
19’, and therefore the difference between one division on the Arch, or 20’, and one on the Vernier, is 1’. 


Now, suppose the beginning of the Vernier at 0 to coincide with the beginning of the Arch at 0, then 
the first of the dividing lines of the Vernier falls short of the first dividing line of the Arch by 1’. There- 
fore, if these lines are made to coincide, the Vernier must be advanced 1’, and to make the next dividing 
line, or 2’ on the Vernier, coincide it must be advanced again, and.so on until the division of 20’ on the 
Arch is all gone through. Hence, for an angle on the Arch, the number of divisions counted on the Vernier 
before the coincidence is arrived at, is the number of minutes to be added to the division of the Arch next 
behind the 0 on the Vernier. For an angle off the Arch, it must be read from the opposite end of the 
Vernier. | 


TO READ OFF*AN ALTITUDE. 


Look at the 0, or beginning of the Vernier, and ascertain how many degrees and divisions it has passed 
on the Arch, counting the first division 20’, the second 40’, and then look along the divisions, or lines, on 
the Vernier until one of them is found to coincide with a division, or line, on the Arch, which being counted 
from the,0, or beginning of the Vernier, towards the left, is the number of minutes to be added to that 
division on the Arch which is the nearest to the right of the 0 on the Vernier, and which will be the Altitude 
required. . 

qe some Quadranta the Vernier is divided into 40 equal parts, and the Angles can then be read off to 
half minutes, or 30", 
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TO ADJUST A QUADRANT. 


To Set the Index Glass Perpendicular to the Plane of the Instrument. 


Move the Index to about 45° on the Arch, and holding the instrument in a horizontal position, face 
upwards, look obliquely into the Index Glass, and ascertain if the true and reflected images of the Arch 
are in the same straight line; if so, the Glass is adjust. Butif the reflection seems to droop from the 
Arch itself, the Glass leans back ; if it rise upwards, the Glass leans forward. The position is rectified 
by the screws on the back. 


To Set the Horizon Glass Parallel to the Index Glass. * 


Set the 0 on the Vernier at 0 on the Arch, and clamp the Index; hold the instrument vertically, and 
look through the sight-vane at the horizon, or any other well-defined and distant object. Then, if the 
reflected and the true horizons appear in the same straight line, the Glass is adjust. But if the horizons 
do not coincide, use the lever on the under side of the instrument until they are made to doso. This 
adjustment ought to be tried before and after every observation. 


To Set the Horizon Glass Perpendicular to the Plane of the Instrument. 


Having previously made the above adjustment, incline the instrument on one side as much as possible 
Then, if the horizon seen through the sight-vane continues to form one unbroken line, the Glass is adjust. 
But if the reflected horizon appears to separate from that seen direct, then the Glass wants rectifying. If 
the face of the instrument is upwards, and the reflected Sea appears higher than the real Sea, you must 
slacken the screw before the Horizon Glass and tighten that behind it. But if the reflected Sea appears 
lower, the opposite screws must be used. Care must be taken in this adjustment to loosen orte screw before 
the other is screwed up, and to Jeave the adjusting screws tight. Some instruments have their adjusting 
screws differently constructed, but a little practice will soon enable a person to adjust them. 

The graduation of the Arch should commence at a certain point. When this is not the case, the Index 
Error, as it is called, must be measured. | 

The point at which the graduation of the Arch is supposed to begin, is that at which the Index stands 
when the mirrors, or glasses, are parallel, as is the case when the image of a distant object is seen to coin- 


cide with the object itself. The Index Error, therefore, is merely the error of the place of the beginning 
of the divisions, and affects all angles alike. 


TO FIND THE INDEX ERROR 


By the Horizon. 


Hold the instrument vertically, and make the image-of the horizon coincide with the horizon itself, as 
accurately as possible. 

Then, if the 0 on the Vernier stands at the 0 on the Arch, there is no Index Error. Suppose it stood 
at 2’ on the Arch, that is, to the Left of the 0 onthe Arch, then the Index Error is that much subtractive , 


but if it stands at 2' off the Arch, that is, to the Right of the 0 on the Arch, then it. is that much additive 
to all angles taken by the instrument. 


By the Sun. 


If the instrument has no Shade for the Horizon Glass, take the opportunity when the Sun is veiled over 
by thin clouds, and use them as a substitute for Shades. Hold the instrument vertically, and look through 
the sight-vane directly at the Sun, and make the reflected sun cover the one seen direct. Then if the 0 
on the Vernier stands at 0 on the Arch, there is no Index Error. (therwise itis found as before explained. 

For the purposes of adjusting an instrument, objects should be used which are at least 1 mile distant : 


because at a nearer object the distance between the glasses produce a sensible parallax, and the coincidence 
does not take place. 
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MANNER OF MEASURING ALTITUDES WITH THE QUADRANT. 


Fa: Observe. the- Sun’s. Altitude at: Sta, 


Set the Index at 0, and put down a screen or shade before the Index Glass. Hold the instrument ina 
vertical position, and direct the sight through the sight-vane and Horizon-Glass to that part of the horizon 
which is directly under the Sun. Now move the Index onwards with the left hand, and the image of the 
Sun will appear to descend towards the horizon. Give the instrument a slow motion from side to side, 
round the line of sight, and the Sun will appear to,sweep the horizon, and it must be made just to touch it at 
the lowest part of the arch. This gives the Observed Altitude of his lower limb. It is best to commence 
the observation some time before the Meridian Altitude is expected, and to continue observing until his 
greatest Altitude is obtained, unless the watch has been previously regulated and the apparent time at the 
ship known. 

This last Altitude is sometimes near enough, but for accuracy, having made a rough contact as above, 
put in the telescope, previously set to distinct vision by looking through it at the horizon, and the tube may 
be marked at the proper focus of the observer’s eye. The image being now magnified, the contact is made 
more correctly. Clamp the Index, and make the contact perfect by turning the "Tangent Screw. This is 
the method generally used in taking Altitudes for time. 

The Tangent Screw should be kept nearly middled when not in use, and the coniact should be made in 
the centre of the field of view of the telescope. 


To Observe the Altitude of a Star. 


Turn up the sight-vane or unship the telescope. Set the Index at 0, and direct the sight to the star, and 
look with both eyes, as close to the sight-vane or color of the telescope as possible, and move the Index 
onwards, when the reflected star will be seen to descend, and which must be followed by the eye until it 
finally reaches the horizon. Now give the instrument a slow motion from side to side, round the line of 
sight, and the Star will appear to sweep the horizon, which it must be made to touch at the lowest part of 
the arch. 

To find any particular star on the Meridian, the readiest way is to compute the Meridian Altitude, (See 
pages 64 and 106) and set the Index to it. Then with both eyex, as before observed, look towards that part 
of the horizon indicated, and the proper star will be seen on or near it. Continue ‘to observe it, until it 

attains its greatest Altitude. By this means it is impossible to mistake the star, because no other can be 
on the Meridian at that time. 


The Altitude of Planets 


May be observed in the day time, even when the Sun is considerably above the horizon, for though they 
are invisible to the naked eye, they. may readily be found by computing their Meridian Altitude, (see page 
104), and set the Index to it. Screw in the telescope, and direct the sight to the true North or South points 
ef the horizon at the time it passes the Meridian, and the Planet will be plainly seen on or near it. 


To Observe an Altitude of the Moon. 


The same directions may be followed as given for the stars, to bring her down to the horizon, and the 
telescope afterwards used in making the contact. But sometimes, when she is faintly seen, it is eRe tier to 
use both eyes without the telescope. Her upper limb must be observed when her horns are downwards, 
and care must be taken, in making the Dae for the horizon, that her limb just touches it at the lowest 
part of the arch. 

The best time for making observations of the Moon and Stars is at twilight, for then the horizon is dis- 
tinctly visible; but in cloudy weather at night long dark shadows are sometimes projected on the sea. 

- whieh. in the ease of the Moon. renders it difficult to ascertain the real horizon under her. 
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THE SEXTANT. 


The Sextant 1s constructed upon the same principle as the Quadrant, and contains an Arc of more than 
60° of a circle, but on account of the Double Reflection, it measures Angular Distances of more than 120°. 
The Arch or limb is divided into degrees, and the degrees into 6 equal parts of 10’ each. The Vernier is gen- 
erally cut to 10”, for the purpose of minute readings, which is thus explained: Suppose a division on the 
Arch to be 3 of i° or 10’, and the Vernier to be equal i in length to 590 of ae divisions, or 9° 50’, but 
divided into 600 equal rents: Then each of the divisions on the Vernier is EuD part lesa than the 590 
divisions on the Arch. Therefore the difference between one division on the Arch and one on the Vernier 
is 10’. As the Vernier contains 600”, it is divided into 10 equal parts or minutes, and the minute into 
6 equal parts of 10” each. 

Now suppose the ? or beginning of the Vernier, and the 0 or beginning of the Arch to coincide; then 
the first of the dividing lines of the Vernier fall short of the first dividing line of the Arch by 10”. 
If we make these lines coincide, we advance the Index and Vernier 10”. Again, to make the second divid- 
ing line of each to coincide, we must move the Vernier to 20", and so on to 30”, 40", 50”, and then to 1’. 
Therefore to make 1' on the Vernier coincide with 1’ on the Arch, we must advance the Index or Vernier 1’. 
Hence for an angle on the Arch the number of divisions counted on the Vernier before we arrive at a 
coincidence is 10”, 20", &c., to be added to the division of the Arch next behind the f or to the right of the 
begirining of the Vernier. For an angle off the Arch we must read from the opposite end of the Vernier 
and from left to right. 

The scale on which these divisions are marked is generally, made of silver, and in consequence of their 
minuteness a magnifying glass must be used in reading them off, which is fixed to the Index bar for that 
purpose. 

The Adjustment of the Sextant is done in exactly the same manner as that.described of the Quadrant. 
The only addition is the following: 


To set the Line of Sight of the Telescope parallel to the Plane of the Instrument. 


This is a very important matter, because when the Jnverting Telescope is used, as in the case of measur- 
ing the Lunar Distance, any defect in this adjustment causes a considerable error in the measurement of the 
angle, and always makes it too great. 

Place the two wires of the Inverting Telescope parallel to the plane of the instrument. Select two dis- 
tant objects about 120° apart from each other, such as two stars. or the Sun and Moon, and make an exact 
contact at the lower wire, or that nearest the instrument. Now move the instrument so as to throw the 
image in contact upon the upper wire. If the contact is still ferfect, (the images continuing the same in the 
middle of the field), the adjustment is perfect ; but if they have separated, the object end of the telescope 
droops towards the plane of the instrument; if they overlap, it rises from the plane of the instrument. 
The position of the telescope is rectified by the screws in the collar. 

The adjusting screws are never to be touched, except from necessity, and then with the greatest possible 
caution. 

When two.screws work against each other, care must be taken in tightening one to loosen the other 
if necessary. 

The sides of the colored glasses are sometimes not exactly parallel, and the shades may cause.an error in 
the angle. It is therefore, prudent to find the error of each shade or combination of shades from actual 
trial. 


5 


TO FIND THE INDEX ERROR OF THE SEXTANT. © 13 


TO FIND THE INDEX ERROR BY MEASURING THE SUN’S DIAMETER, 


The Index Error of an instrument being merely the error of the place of the Beginning of the divisions, 
vhen all the Mirrors or Glasses are perfectly adjusted, and it affects all angles alike. 


To Measure the Sun’s Diameter. 


Screw in the Inverting Telescope and adjust it to direct vision; turn up the proper Shades, place the ¢ 
on the Vernier, about 40’ to the Right of 0, on the Arch, and clamp the Index. Then, holding the instru- 
ment horizontally, bring the direct and reflected Suns in exact contact by the use of the tangent screw, and 
read off the minutes and seconds, counting from the opposite or Left end of the Vernier, which call off the 
Arch. . 

Next place the f of the Vernier about 40’ to the Left of 0, on the Arch, and make the contact of the 
two Sun’s as before, and read off the minutes and seconds in the usual way, which call on the Arch, and 
set it under the first reading ; then half the difference of the two readings will be the Index Error, which 
is additive to all angles taken with the Sextant, when the Reading to the Right of 0 is greater than the 
Reading to the Left of 0, but subtractive when the reading to the Left is the greatest. If the two readings 
are equal there is no Index Error to the instrument. The direct and reflected Suns will appear through 
the Inverting Telescope thus : 


When the Vernier is to the Right of 0 on the Arch. | When the Vernier ts to the Left of 0 on the Arch. 


Reflected Sun. Direct Sun. | Direct Sum. Reflected Sun. 


Suppose the following Observations were taken to determine the Index Error : 


EXAMPLE 1. | EXAMPLE. 2. 
Ist Jan, 1854. Reading........ off 31’ 55” Sist Jan, 1854. Reading......... off 83' 40” 
Mosse: sree on 33 15 BE: oa c's cath on 31 20 
)1 20 | )2 20 
RUGS NORPOI a access vin t/® in 0’ 40” Sub. Index, Hirrarangias |x. <a.e<.ce.0 1’ 10" Add. 


Because the reading on the Arch is greater than the Because the reading off the Arch is greater than the 
reading off. reading on. 


When both Readings are on the Arch, (which can only happen when the Index Error exceeds half a 
degree,) the Index Error is the Mean of the two, and subtractive, but when both Readings are off the Arch, 
the Index Error is the mean of the two additive. 

To prove that the contacts were made correctly, add the Readings together and divide their Sum by 4, 
and the quotient should be equal to the Sun’s semi-diameter as given in the Nautical Almanac for the 
above days of the month. 


In Example 1, the Sum of the Readings is 65’ 10’ In Example 2, the Sum’of the Readings is 65’ 00" 
Which divided by 4 gives the Semi..... 16" 17'5. Which divided by 4 gives the Semi..... 16’ 15” 


These agree nearly with that given in the Almanac, namely, 16’ 18” on the Ist, and 16’ 15'’.7 on the 
31st. It may, therefore, be presumed that the contacts were correctly made. 

In this manner the error of each colored glass, or Shade, may be found by first measuring the Sun’s 
diameter at the time when there is a thin veil of clouds over his disc, (which will answer the purpose of 
Shades,) and ascertain the Index Error as in the above Examples (without using any Shade.) Then to 
measure it again, using, say, theGreen Shades. If these two measured diameters agree, the Green Shades 
are correct. If they do not, then their difference is the error of the Green Shades, which must be applied te 
the Index Error, when they are used. In like manner, the Red Shades, or any combination of Red and 
Green, may be proved by using them in measuring the diameter, and afterwards comparing them with that 
which was measured without the Shades. i 
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USE OF THE SEXTANT. 


To: Observe the Angular Distance between the Sun and Moon. 


When. the: Distance between them is considerable, find their approximate distance in the. Nautical 
Almanac,. corresponding to the:Greenwich Time of the observation, (by simply turning the Ship’s. Longitude 
into Time, by Table XXVI., and. adding it. to the Time-at the Ship in West, or subtracting it in East Lon- 
gitude.) Now set this approximate distance on the Sextant, turn up one or more of the Shades before the 
Index Glass, according to the brightness of the Sun. Screw i in the Plane Tube into its collar. Then, hold- 
ing the Sextant (with its face upward when the. Sun is to the: Right. hand.of the Moon, or downward when 
the Sun is to the Left,) with its Plane: in the:line: of Sight of the-two objects, and: direct. the Sight. to the. 
Moon, and the Sun’s image-will be seen near to it. Make the: contact. roughly. Take out. the: Tube. and 
screw in the Inverting Telescope, and. adjust-it to distinct vision, placing the wires: parallel to the Plane: of 
the instrument. Raise the Telescope (by thescrew behind) to the transparent part of the Horizon Glass. 
Then, directing the Sight through the Telescope to the Moon, holding the instrument as before directed, 
make the contact perfect by means of the tangent screw, at the same time moving the Sextant round the 
axis of the Telescope, by which means the Sun will appear to pass slowly by the Moon, and the contact be 
more accurately nade. Observing always that the point of contact of the limbs should be as near the 
centre of the field of the Telescope (that is, in the middle between the four wires) as possible. 


Reading off the Angle. i 
Abeaten the nearest degree on the Arch to the Right of the f , or the beginning of the Vernier, then 
the nearest division of the degree on the Arch. Then look along ‘the Vernier, and ascertain which line 
coincides with the line on the Arch, then the minutes to the Right of where the coincidence takes place 
must be added to the division of the degree, and the seconds are counted to the Lef: of the nearest minute 
on the Vernier up to the place of coincidence. 


EXAMPLE, 


Of finding the Approximate Central Distance between the Sun and Moon. 


February 7th, 1854. At 8 hours 20 minutes A. M., Sea Time, in Longitude of 70° 0’ West. Required the Ap 
proximate Central Distance of the Sun and Moon. 


Time of Observation...... 8h. 20m. A.M. The Distance in N. A. at Noonis.......... 117° 47’ 51’ West. 
. Adds) 255% 1a ek And'at [fh us. o iyeee se 119 8 28 
From the preceding Noon 20h. 20m. The Moon’s Motion in 3h. is...............- 1° 20' 37” Increasing. 
Long. 70° in Time........ 4h. 40m, _G, T. being 1h. from Noon, or equal togof it... 26’ 52” 
25h. 00m. Which added to the Distance at Noon...... Ts ig i” 9 ee ba 


Subtract.... 24h. 


Gives the required Distance at 8h. 20m. A.M.118° 14’ 43”” 
Greenwich Time, Feb. 7th lh. 00m. 


Now put this on the Arch‘of the Sextant as follows: Advance the Index until the f on the Vernier has 
passed the stroke of 118°, and also the first division, or 10’, of the adjoining degree on the Arch. Ther 
look along the Vernier, and make the 5’ on it coincide with one of thedivisions on the Arch. The instru- 
ment will then have on it 118° 15’, or even 118° is near enough for the purpose of bringing the objects 
into the field of view. Accuracy is not, therefore, required when the Sun is used. After bringing the 
nearest limbs <n contact, screw in the Telescope, and proceed as directed. In this case, the Sun being to 
the Right of the Moon, (in North Latitude. ) the instrument is held with its face upwards, in the line of 
ate and the Telescope directed to the Moon, when the Sun will appear inverted, or on the Left of the 

oon, 

In South Latitude, by direct view, the Sun will be on the Left of the Moon, and the Sextant must be 
~ held face downwards, and the Sight ‘directed to the Moon. 


TO OBSERVE THE DISTANCE BETWEEN THE MON AND A STAR. "5 


TO OBSERVE THE DISTANCE BETWEEN THE MOON AND A STAR. 


Tarn the Ship’s Longitude into time oy Table XXVI, and add it to the time at the Ship in West Longi- 
tude, or subtract it in East, will give the approximate time at Greenwich. Look into the Nautical Almanae 
ainongst the Lunar Distances, against the day of the month, and find the given Star’s distance from the 
Moon corresponding to this Greenwich time. Put this distance on the Arch of the Sexiant. Turn up one 
ot the green shades before the Index-glass ; then holding the plane of the instrument in the line of sight 
between the Moon and Star, with its face upwards when the Moon is to the Right of the Star, or downwards 
when the Moon is to the Left of the Star. Direct the sight through the ring of the collar towards the Star, 
(without using the Telescope), and the Moon’s image will be seen near the Star. Move the Index so as to 
bisect the Star on the bright limb of the Moon. Now screw in the Inverting Telescope, and adjust it to 
distinct vision, and make the contact perfect by means of the tangent screw, at the same time moving the 
Arch of the Sextant slowly up and down, by which motion the bright limb of the Moon will appear to 
pass the Star, and the contact be more accurately made, and which should always be done as nearly as 
possible in the centre of the field of the telescope. ‘The angle being read off will give the observed dis- 
’ tance between the Star and the Moon’s bright limb. 

In the Nautical Almanac, headed Lunar Distance, the Sun, Stars, and Planets are marked according as 
they are East or West of the Moon. By attending to this and having the approximate distance on the 
Arch of the Sextant corresponding to the Greenwich time, any Lunar Star may be easily found by a person 
otherwise unacquainted with the stars in the heavens, because no other one in that direction will correspond 


to it in distanee. 
EXAMPLE 
Of Finding a Lunar Star. 


January 31st, 1854, at 10h. 25m. P. M., Sea Time, in Longitude 60° 0' W. Required the approximate distance 
between the Moon and the Star Aldebaran. 


Time of Observation. ...10h 25m Distance of Aldebaran at Midnight 85° 38’ 38” East of the Moon. 


Long. 60° W. in time.... 4 Do. do. XVh.... 83 53 59 
Greenwich time Jan. 20th 14h 25m — Moon’s motion in 3 hours......... 1° 44739" Pro, Log.. .2855 
Pana h Ocha G. Time past Midnight........... ~ 2h25m_— Pro. Log. .0989 
Past Midnight........... 225m | pro, of Dist. to be subtracted... ... 19418" Pro. Log.. .8294 
From the Dist. at Midnight....... Sh eeeas 
Which gives the Star’s Distance from the Moon. .....eseeeeeeeereeeees 84° 14’ 10” at 10h 25m P. M 


It is necessary to be as exact as possible in finding the approximate distance between the Moon and a 
Star, for very often it is the only security we have for employing the right star. Now put 84° 14’ on the 
Arch, as follows: Advance the Index until the f on the Vernier has passed the Stroke for 84°, and also 
that of the first division or 10’ of the adjoining degree. Then look along the Vernier and make 4’ on it 
coincide with sume line on the Arch, which will be the required distance. The Star being East or to the 
left of the Moon (in North Latitude), the Sextant must be held with its face upwards in the proper line of 
sight, and the sight directed through the collar in the direction of the Star. Thenif it be the right Star 
it will appear on the face of the Moon. Bring it in contact with her bright limb, screw in the Inverting 
Telescope, and the contact is then made perfect by the tangent screw as before directed. 

In South Latitude the same Star will be to the right of the Moon, and the Sextant must be held face 
downwards, and as a general rule the sight must be directed to the dimmest object, and the brightest one 


brought to it. 


ee 7 
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REMARKS ON MEASURING THE LUNAR DISTANCE. 
@ 


OF the Inverting Telescope. 


On account of all the objects seen through this Telescope being inverted, and the difficulty of keeping 
them in the field of view in consequence of the motion of the Ship at Sea, which is extremely puzzling 
for a learner, because when the instrument is not held steady they always appear to go out of view on the 
wrong side. This however can only be remedied by practice and by shifting the instrument in the opposite 
direction to what he would do if they were seen direct. We are obliged to submit to this tnnoyance, 
because of the superior. power derived from the Inverting, to what could be obtained trom a Direct. Telescope, 
of the same length. Besides, the cross parallel wires, which are so useful in the Inverting Telescope, cou'd 
not be used in a common one. 


Of the Common.Telescope. 


Those who find a difficulty in observing with the Inverting Telescope may find a geod substitute in th. 
Common one. For although its power is not so great, if the contact is made as near as possible in the 
eentre of the field, by a little practice a very fair result may be obtained, if distances are observed East and 
West of the Moon, and the mean of the Longitudes taken. 


The Proper Place of the Ship for taking the Observation, 


Is as near as possible to the midships of the vessel, because there her motic . 1s the least felt, and when 
she rolls heavy going before the’wind, if the yards were braced forward a litt’. it would help to keep her 
steady until the observation is completed. 

The observer should place himself firmly in a corner, and sit or lie down on the deck, whichever is most 
convenient, so that the least bodily effort may be required to steady himself. The following method I have 
found of great utility, which does not require the tangent screw to be touched at all, when the contact 
takes place, consequently both hands can be used to hold and steady the instrument, and the whole atten- 
tion is directed to the time of the contact. It also does away with what is called the springing of the 
Index Bar, (after the contact is made with the tangent screw), which is the case even in the best instru- 
ments : 


NEW METHOD OF MEASURING THE LUNAR DISTANCE. 


When the Distance is Increasing (which may be known by inspecting the N. A.), and the Near Limbs to be 
Observed, 


Set the Index of the Sextant so that the objects may overlap each other a little, and watch for the instant 
when the Moon, by her motion in the heavens, brings the limbs in contact. Note the time and read off the 
angle. Advance the Index 1’, and then watch as before for the contact. Now, as the Moon advances to 
the Eastward in the heavens at the rate of about 1’ in two minutes of time, this will give time to read off 
the angles and to note down the observation. Then having advanced the Index another 1’, proceed as 
before, until the required number of distances are observed. 


Distance Increasing, and the Far Limb of the Moon to be Observed. 


By advancing the Index 1’, the Star will appear separated from the Moon’s Limb. The contact is then 
watched for, and the observation made in the same manner as the above. 


Distance Decreasing, and the Near Limbs to be Observed. 


Set the Index so that the limbs may appear a little separated, and watch for the contact taking place. 
‘ Note the time and read off. Then set back the Index 1’, and watch the contact as before. Note the time 
and read off, and so on. 


Distance Decreasing, and the Far Limb to be Observed. 


By setting back the Index 1’, the Star will appear to overlap the Moon’s Limb. Watch for the contace. 
as before, and in the same manner as the last. By this means the Moon is made to measure her own dis- 
tance, and all that is required to be done is to note the time of the contact. 

For further remarks on measuring the Lunar Distance, see page 16? , 


THE ARTIFICIAL HORIZON. » wy 


THE ARTIFICIAL HORIZON. 


’ 7 


When an observer has not the advantage of a Sea Horizon for the purpose of measuring Altitudes of the 
heavenly bodies, or when, for instance, the Ship is in port and the Sea Horizon obstructed by the land 
around, he is obliged to use an Artificial one, and which is used for finding the Latitude of the place, and 
also for rating the Chronometer, &c. (See Fig. 11, page 78.) 

An Artificial Horizon is variously constructed, but the general principle, is to produce a perfectly level 
surface. The most simple is that of a pool of water on a calm day, ora basin containing water. But the 
most common in use is a trough filled with quicksilver, and protected from the wind by a roof, in which are 
fixed two glasses, ground perfectly plane and parallel. 

Another kind has a plate of glass in the trough, which, when the quicksilver is poured in, floats on the 
surface, and a roof is not required. But these kind of instruments are troublesome, in having to pour in 
and out the quicksilver every time they are used. Besides, there is a scum or film gathers on the surface 
of the fluid. This, however, may be prevented from running into the trough, by holding the bottle bottom 
up, while it is poured out. 

Tar, Treacle, and Oil have been tried for this purpose, but they do not give satisfaction ; especially when 
exposed to the strong heat of the Sun, because the fluidity varies from unequal expansion. 

The best and cleanest kind of Horizon is a brass circular box, of about 5 inches in diameter, supported on 
three screw legs, having a thick plate ot glass glazed into its rim. The under surface of this glass is unpol- 
ished, and a space left betweer it and the botiom, this space being nearly filled with spirits of wine, leaving 
a small portion vacant, so as to produce an air bubble, and which bubble, by the use of the screws, is 
brought under the centre of the glass. This centre must be ascertained from actual trial, and marked, so 
that the bubble can always be placed under it. The strong heat of the Sun will cause the spirits to expand, 
but a screw plug is fixed at the side, which can be taken out, and a small bell-shaped funnel put in its 
place to receive the surplus spirits caused by expansion. This instrument, together with a pocket Sextant, 
‘will form a portable Observatory, valuable to those who may have occasion to travel much inland. 

When one of these instruments is used, it must be placed on firm ground, and the observer, facing 
towards the Sun, walks backwards until he sees the direct image of the Sun reflected on the surface of the 
Artificial Horizon. Then, turning down the Shades over both the Index and Horizon Glasses of the 
Sextant, he directs his sight through the Collar of the Telescope at the reflected image in the Artificial 
Horizon, at the same time advancing the Index Bar, when the reflected image from the Sextant will appear 
to descend. He now brings the lower limb of this Sun in contact with the upper limb of the. direct 
Sun already seen. The Telescope is then screwed in and the observation made. It is thus necessary 
to bring the limbs in contact, before using the Inverting Telescope, as a security against using the 
wrong limbs. 

The Image of a heavenly body reflected from the surface of a fluid at rest, appears as much below the 
true horizonal line as the object itself appears above it. The Angular Distance, measured between 
the object and its image, is, therefore, Double the Altitude. And in halving the Angle shown by the 
instrument, we halve at the same time all the errors of the observation. 
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DESCRIPTION AND USE OF THE ARTIFICIAL HORIZON. 


The following Diacram will tllustrate the Method of Observing Altitudes with an Artificial Horizon 


Fie. 11 
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In taking Altitudes for Time, the Sun will appear to rise or fall with double the velocity he would other 
wise do, when observed with the natural horizon. 

When the Sun is rising, the observer is obliged to approach nearer to the Artificial Horizon, according 
as the Altitude increases. On the other hand, when the Sun is falling, he is obliged to increase his distance 
from it, according as the Altitude decreases. And whenthe Sun’s Altitude is at 12°, or 14°, it becomes. 
difficult to xeep sight of the images reflected in the Horizon, and with Altitudes below this, it is generally 
impractie: ole, on account of the slanting direction of the Sun’s rays. 

An Alvitude of the Sun, or other heavenly body, may be obtained by this instrument to the extent of 
60°; that is, to 120° by reflection, this being generally the limits of the Scale on the Arch of the Sextant. 
In Low Latitudes, therefore, it is often impossible to observe with the Artificial Horizon any heavenly body 
whose Altitude exceeds 60°, unless we use a Sextant of superior power. 

The Latitude may, however, be obtained near the Equator, by choosing a Star of the first magnitude, 
which has great North or South Declination, and whose Meridian Altitude is less than 60°. In computing 
the Meridian Altitude of a Star, for the purpose of observing with the Artificial Horizon, we have only to 
double the computed Altitude found by the Rule at page 66, and place it on the Arch of the Sextant. Face 
towards the Star, and walk backwards until the Star’s image appears reflected in the Horizon. ‘Then direct 
the sight through the Collar of the Telescope of the Sextant at the Horizon, and, holding the instrument 
vertically, the two Stars will be seen in contact with or near to each other, (at the time of its Meridian 
passage.) They are now brought in contact, and kept so until the greatest Altitude is obtained. This 
gives security that the right Star has been observed. 

In observations taken with this instrument, it must be remembered that no Dip is to be allowed for, as 

> the case of using the Sea Horizon. (See pages 92, 131, and 159, for Observations with this Inustrument.} 
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THE CHRONOMETER. 


The Chrono ter is a superior kind of Watch, constructed so as to keep as near as possible a Uniform or 
Mean Time. It is set generally to the Mean Time at Greenwich, and its Daily Rate ascertained, that is, what- 
it is gaining or losing on this Uniform or Mean Time. This instrument is of great value to the Navigator, 
principally in determining the Longitude at Sea, and other useful purposes in Navigation, because if the. 
Mean Time at Greenwich (where the Longitude is reckoned from) be known from consulting the Chronom-. 
eter, and the Mean Time at the Ship be known from observation at the same instant of time, this difference 
of time turned into degrees and minutes at the rate of 15° to the hour of Time, is the Longitude of the 
Ship. 

The followings marks will be found useful in managing this instrument : 

When a Ch uvnometer is reeeived on board, it should be screwed down in a safe and proper place, at a 
distance frow. all iron substances, and where it is not likely to receive any sudden shock or jerk, and there 
it must remain during the voyage, and wound up regularly every morning before breakfast. 

In winding, the key should be turned steadily, and about half a turn taken each time, and it should be 
wound close up. After winding, it should be examined, and if close up, the Index Hand on the face of it 
wil] stand at 0. Ascertain, also, that it has not stopped after being wound up. 

When a Chronometer is wound up after running down, it is set agoing by giving it a small horizontal 
eireular motion. 

When a Chronometer stops it generally alters its Rate. 

The hands of a Chronometer must not on any account be touched, either before or after it 1s set agoing, 
The proper way to set it to Greenwich Time is as follows: Look at what hour, minute and second the. 
hands of the Chronometer. has stopped at, and note it down. Turn the Ship’s Longitude into Time. and 
subtract it from that Time if the Longitude is West, or add it to that Time if the Longitude be East, and 
the result is the computed Mean Time at the Ship. Now have your Watch previously régulated to the 
exact Mean Time at the Ship found by cbservation, and when the hands of the Watch arrive exactly at this. 
computed Mean Time at the Ship, set the Chronometer instantly agoing. If the Longitude of the Ship be’ 
correct, then the Chronometer will show the same Greenwich Mean Time as before it stopped 

For example: Suppose the Chronometer to have stopped at 10h. 20in. 10sec. Ship’s Longitude by 
account being 65° W., or 4h. 20m., subtracted from 10h. 20m. 10sec., leaves 6h. Om. 10sec. Now 
having had the Watch regulated in the afternoon to the mean time at Ship, I wait until the hands of the 
Watch show 6h. Om. 10sec., and then set the Chronometer instantly agoing. pi 

Again: Suppose the Chronometer to have stopped at 5h. 40m. 20sec. The Ship’s Longitude 
by account being 110° 20' East, or 7h. 21m. 20sec. This added to 5h. 40 m. 20sec., produces 13h. 1m. 
40 sec., cor 1h. 1m. 40sec. past Noon for the computed Mean Time at the Ship.. Now, having had the 
Watch previously regulated in the morning to Mean Time at the Ship, I wait until the hands of the Watch . 
eome to 1h. 1m. 40sec. and then set the Chronometer instantly agoing. | 

In taking the time from the face of the Chronometer, the Second ‘Hand is first meted, then the Minute 
Hand, and lastly the Hour Hand. 

Any common Watch which has a Second Hand will do for taking the time Wien making observations, 


but it must be compared with the Chronometer, both before and after the Observations are made, and its 
Rate. if any, allowed for. 


EXAMPLE. 
Suppose the Chronometer showed........ pa 20m. 10sec. Again the Chronometer. showed. ..11h. 80m. l5see, . 
And at the same time the Watch showed.. Sit Our Oo. Watch showed........ py mek iia g 8 20. .6 
The Difference is called the Comparison... a 10m. 10sec. COMPAPISONy, Wo ie vu.0 si sfeeient lane 3h. 10m. 10seo. 


In this case the comparison must be added to the Mean of the Times shown by the Watch when the 
Altitudes were observed, which will give the time by Chronometer when the Altitudes were observed, just 
the same as if the time of each Altitude had been noted from the face of the Chronometer. In comparing 
the Watch with the Chronometer, the best met] od is to wait until the Second Hand of the Watch comes to 
60 seconds, which completes the minute, and at that instant note the number of seconds which the Hand 
ef the Chronometer shows, and then the minute and the hour. 

It will also save some trouble if the Altitudes are taken at the instant the Second Hand of the wateh - 
has completed the full minute. This serves as a check on the measured change of the Sun’s. Altitude is 
one minute of time, and which is uniform. (See the Table on page 100.) 
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REMARKS ON THE CHRONOMETER. 


Chronometers, when sent on board of Ships, are provided with a Certificate of their Error; that is, 
what they are fast or slow of Greenwich Mean Time ona certain day of the month, and also their Daily 
Rate, that is, what they are gaining or losing on Mean Uniform Time. Consequently, the Greenwich 
Time can easily be computed for any subsequent period of time, by multiplying the Daily Rate by the 
number of days elapsed, and applying it to the original Error. And if Chronometers always kept a uniform 
steady Rate they would answer every purpose required of them: But unfortunately, they do not always 
keep a steady Rate, at least not the Rute given in the Certificate, or the Shore Rate, as we call it. For it is 
found by experience that after Chronometers have been placed on board Ships their Rates change, caused, 
no doubt, by the magnetic action of the iron on board the vessel on the steel work of the Watch, and also by 
the change of temperature in the weather during the voyage. And as this is difficult to remedy on board a 
merchant vessel, it becomes necessary to find the Sea Rate at the earliest convenient opportunity, and to 
verify it from time to time during the voyage. The method of doing this will be found in its proper place 
under the head of Rating the Chronometer at Sea. (See page 155.) 

This method is simply to ascertain the Error of the Chronometer on Greenwich Mean Time when the 
Ship is in sight of land, the position of which is well laid down. And the difference in the Error ascer- 
tained at one place and the next, divided by the number of days elapsed between the observations, is the 
Sea Rate. Or, when the Ship is in port, and the Sea Horizon visible, the Rate may be found by comparing® 
it with M. Time. Or the Artificial Horizon may be used on shore, the times of the Altitudes being taken 
by a Watch, which, as before explained, must be compared with the Chronometer, both before and after 
the observations are made. and its Rate (if any) allowed. Rating Chronometers by the Artifical Horizon 
is a more correct method than by the Sea Horizon, because of the haze and change of Dip, which some- 
times effects the latter. 

When there are several Chronometers on board a vessel, the one which keeps the most uniform Rate is 
taken as a standard one, and with which all the others are compared. The cause which alters the Rate 
of one Chronometer may likewise alter the Rate of another, so that the agreement of any number of 
Chronometers cannot be admitted as evidenee of the truth of the time which they show. One good Chro- 
nometer, in the hands of a competent person to manage it, is sufficient for almost any voyage. 


THE AZIMUTH COMPASS. 


The Azimuth Compass is of a superior construction to the Steering Compass, and is particularly adapted 
for observing Bearings. 

[t is fitted with vertical Sight Vanes for the purpose of observing objects elevated above the horizon. In 
one of these Vanes there is a long and very narrow slit, and in the other is an opening of the same kind, 
but wider, and having a wire up and down the middle of it exactly opposite to the slit. 

The Card is similar to those of the Steering Compass, with this difference only, that a circular ring of 
silvered brass, divided into four times 90°, or 360°, circumscribes the card. 


To Observe the Sun’s Amplitude. 


Turn the Compass Box, until the Vane containing the magnifying-glass is directed towards the Sun, and .- 
until the bright speck or rays of the Sun (collected by the magnifying-glass) falls upon the slit in the other 
Vane. If the Card vibrates considerably at the time of observation, take the middle between the extreme 
vibrations for the Observed Amplitude. | 

Or the sight may be directed through the dark glass towards the Sun, which must be bisected by the 
Wire in the other Vane. 

A common spare Steering Compass may be made a very good substitute when a Ship is not furnished 
with an Amplitude Compass, (and which is frequently the case), as follows: Place the Compass Box as 
near the Binnacle as possible, and in such a position that the Sun at Rising or Setting may be seen over it. 
Now take a Plane Seale or a thin straight-edge, and place it over the centre of the Card in the direction 
of the Sun. Look along the edge of the Scale and see that the far end of it points to the Sun’s centre. 
Then the point, or fraction of a point of the Compass, which is under the edge of the Scale, will be the 
nb a Amplitude, which must always be reckoned from the East or West points towards the North or 

uth. 

The observation should be made when the Sun’s lower limb appears somewhat more than his semi 


diameter above the horizon, because, on account of the’ Refraction of the atmosphere his centre is then 
really in the horizon. 


THE AZIMT:‘TH COMPASS. 8} 


. To Observe the Sun’s Azimuth. 


In observing the Azimuth of the Sun his Altitude is required to be taken at the same instant ot time 
«.th a Quadrant, in order to obtain his True Azimuth. 

Raise the magnifying-glass to the upper part of the Vane, and move the box, with the magnifying-glass, 
to the Sun, until the bright speck falls on the other Vane, or on the line on the horizontal bar. The 
divisions being then read off will be the Sun's Magnetie Azimuth. 

If the Card vibrates considerably at the time of observation, take the middle between the extreme 
vibrations. 

The Azimuth is counted generally fromthe North point of the Compass in North Latitude, and from 
the South point of the Compass in South Latitude. Towards the East in the morning, and towards the 
West in the afternoon. 

But sometimes, for convenience sake, it is counted from the South in North Latitude, and from the North 
in South Latitude. , 

In high Latitudes, the Sun’s Azimuth may be observed at Noon at the instant he is on the Meridian ; 
that is, when he is true South or North, and the difference between that and the Azimuth bearing by Com. 
pass gives the magnetic variation at once. 

But to do this it is xeceseary to have the Watch previously regulated to Apparent Time at the Ship, so 
that the Sun’s Azimuth may be observed at the instant the Watch shows 12 o’clock , because the Sun then 
is True South in North Latitude, and True North in South Latitude. And supposing the Bearing by the 
Azimuth Compass to have been South also, there would, in that case, be no variation. On the other 
hand, if the Bearing by the Azimuth Compass was S. 22° 30’ W., then there would be that amount of 
Magnetic Variation Westerly. But if the Bearing of the Azimuth Compass had been S. 22° 30’ E., there 
would be that amount of Magnetic Variation Easterly. 


INSTRUMENTS USED IN NAVIGATION. 


DESCRIPTION AND USE OF THE THERMOMETER. 


Fahrenheit’s Thermometer is used on board of Ships for the purpose of registering the temperature of the 
(eean at the surface, and also the temperature of the Air on the open Sea. The Zero, or commencement 
of the Scale, begins at 32°, or the Freezing-point, and is counted upwards and downwards, according as the 
eolumn of mercury expands or contracts. When the temperature or heat increases it rises; but when the 
temperature decreases, or, (which is the same thing), the cold increases, it falls, and the degree opposite the 
top of the mercury is the reading required. When it is below 32° it is said to stand so many degrees 
below the Freezing-point; and during the Winters in the Arctic or Polar regions, the mercury itself freezes 
from the intense cold. 

The Thermometer is a most useful instrument in giving warning of the Ship’s approach to Ice in thick 
forzy weather. This is simply done by drawing a bucket of water from alongside and plunging the Ther- 
mometer into it at regular intervals in the day, during the voyage, and the readings noted down. And, 
when it is found that the temperature of the water has fallen, on approaching a locality where Ice may be 
expected to be fallen in with, the observations should be repeated every few minutes. And should the 
mercury in the tube keep sinking, you may conclude that the Ship is approaching Ice, and the precaution 
should be taken at once to shorten sail. For if it be in the Winter season, and the Thermometer has fallen 
to 34°, she will then be only half a mile off the Ice. Ifin the Summer season, and the Thermometer has fallen 
to 42°, she will then be about the same distance off, and on a nearer approach the glass will fall still lower. 
But when the Ship has passed the Ice, the Thermometer will gradually rise again. : 

In the month of June, near the Bank of Newfoundland, the Thermometer had fallen suddenly from 48° 
to 42°. Ship was then running with Studding-sails set on both sides. in very thick weather. They were 
immediately taken in and the Courses hauled up, when the white glare of an immense Iceberg was seen 
right ahead, and she had to be hauled to the wind in order to pass clear tothe windward of it at less than a 
quarter of a mile distant; so that by a timely reference to this useful instrument the Ship was rescued 
from imminent danger. . 

The temperature of the Ocean is higher in deep water, than it is in shoal water near the land, or on banks. 
Hence, a Ship on approaching land, or on Soundings, the Thermometer falls from 2° to 6°, except on a high 
bold shore with deep water close to it, when it is not so apparent. The difference of temperature on and 
off the Banks of Newfoundland is 5°. 

Currents in the Ocean coming from high Latitudes have their water colder than those which come from 
se Latitudes, which accounts for the variation in the temperature of the surface water, out on the open 

sea. 

On a Ship entering the Eastern edge of the Florida stream, the water will be found to be from 5° to 
8° warmer, and after crossing it and leaving its Western edge, the adjoining Sea will be found that much 
colder, and when she gets on soundings, several degrees colder still. Sothat a careful observer will always 
be warned of his approach to the coast of the United States of America, by consulting this useful instru- 
ment in thick weather, when no Celestial observations can be obtained. 

The Plate of the Thermometer should be made of Ivory or Metal, so that the tube will be less liable to 
break, and it should be fixed in a square metal box, the bottom of which, as high as the mark 30°, should 
be water-tight, so that in examining the degree of temperature, the bulb may be kept immersed in the water. 
The remainder of the length should be open in front, with only two or three cross bars to ward off any 
accidental blow. It would be better to have a spare one also, fixed up in some safe part of the ship, in the 


shade, out of the wind, and in as dry a place as possible, to register the temperature of the air, while the 
vther may be used for the water. 


+ 


THE USE OF THe BAROMETER, 83 


DESCRIPTION AND USE OF THE BAROMETER. 


The Barometer is used on board of Ships for the purpose of foretelling the state of the weather, By tia 
pressure of the Atmosphere acting on a column of Mercury, contained in a glass Tube, which has a Scale 
attached to it, marked in inches, and a sliding Vernier, the top of which being set at the height of the 
Mercurial column, gives the measurement in inches, and hundredth parts of an inch. . In North Latitude it 
stands highest with N. E. winds, and lowest with 8S. W. In South Latitude it stands highest with S. E. 
winds, and lowest with N. W. 

About the commencement of a Storm, in Nor th Latitude, from the S. W., with rain, the Barometer 
oegins to fall, and continues to fall as the Storm increases ; and when it stops ‘and begins ‘to rise, the rain 
will soon cease, and a shift of wind to the Northward may be expected; but it may continue to blow 
hard until the Bar ometer rises to 30 inches. 

In South Latitude, N. W. winds bring rain, with a falling Barometer; but it rises with Southerly 
winds. If itrises slowly and gradually, good weather may be expected to follow: but if it rises raphy 
the weather will continue unsettled and stormy. 

In general, before a heavy fall of snow or sleet, the Barometer falls very low, and the wind commences 
to blow from the quarter in which it generally stands the highest in fine weather, and after the fall of snow 
it rises rapidly. 

But there are many curious exceptions to these general rules; for I have seen the Barometer steady at 
30 inches, with the wind blowing hard at 8. W., with heavy rain falling for several days together, Ship 
being then ina high Northern Latitude. But the secret of this turned. out to be, that an Easterly wind 
was at hand, which followed the S. W. wind, and continued blowing for several w eeks afterwards. 

The never-failing sign of bad weather is, when daylight breaks high over head, and the clouds to lee- 
ward look heavy and near ; also, when the Sun rises or sets with a lurid red glare, These appearances 
should be taken in connexion with the action of the Barometer, before a proper opinion can be formed of 
the kind of weather that may be expected to follow. 

The Barometer generally stands about 30 inches in the fine serene weather experienced in the Tropics, 
except between the Trade Winds, when it falls a little during the rainy weather which prevails there. 
But, if it falls rapidly near the Northern or Southern limits of the Trade Winds, (that is, between the Lati- 
tudes of 20° and 30° ,.) down to 29.50, there is a Hurricane at hand, and by referring to the Diagrams of the 
Storm Circle, at pages 43 and 44, measures must be taken at once for the safety of the Ship, where it will be 
perceived that with the Barometer at 29.50, the Ship will be about 150 miles distant from the Focus . when it 
falls to 29.20, 100 miles off ; to 28.40. 50 miles off; and at the Focus itself it will stand at 27 inches 
When the Ship increases her distance from the Focus the Barometer will rise ; so that it is a most valuable 
instrument in the locality of Hurricanes. 


THE ANEROID BAROMETER. 


This instrument is constructed so that the pressure of the Atmosphere acts upon a metalic spring, con- 
nected with a vacuum, and turns a hand to the Right, answering to the rising of the Barometer, and to the 
Left when it is falling. It has a round face, eonilee tb a Chronometer, and the Inches are ined on it 


and counted in the same manner as the Mercurial one. This instrument is very sensitive and exact, very 


superior to the old ones, which are sometimes difficult to read off, on account of the Mercury plunging up 
and down in the tube, when the Ship has violent motion. 

[ have used this instrument myself for some years, and in a great many instances it has given me warning 
of a coming Hurricane more than 24 hours in advance. It is also more portable, and can be hung up, or 
placed any where about . Ship’s cabin, or in a place where it would be inconvenient to swing a Mercurial 
one. 
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NAUTICAL ASTRONOMY. 


; ‘ 

Having thus given a short description of the principal Instruments used in Navigating a Ship, we now 
proceed to find the Ship’s place on the Ocean from Astronomical Observations, and commence with finding 
the Latitude from the Meridian Altitude of the Sun. The Correct Declination of the Sun must be found 
at the time of Observation, as follows: 

The Sun’s Declination, found in Table X, to the nearest minute, is calculated for every Noon at 
Greenwich, for several years in advance, and which will answer for-every fourth year afterwards, by 
applying a small correction found in the adjoining Table; or it may be taken from the Nautical Almanae. 

When the Ship is on the Meridian of Greenwich, no correction is required, and the Declination standing 
against the day of the month may be taken out and applied at once, because it is Noon at the Ship and 
Noon at Greenwich at the same instant of time. But when a Ship is on a Meridian to the Eastward or 
Westward of Greenwich, that is, when her Longitude is East or West from Greenwich, the Declination. 
must be corrected for the Change of Declination corresponding to the Longitude in time ; because when it 
is Noon at the Ship, in 15° East Longitude, it wants 1 hour of being Noon at Greenwich, and when it is 
Noon at the Ship, in 15° West Longitude, it would be 1 hour past Noon at Greenwich. This correction 
amounts to a considerable quantity when the Longitude is great, and when the Sun changes his Declination 
rapidly in the months adjoining March and September. 


RULE 
For Correcting the Sun’s Declination at Noon. 


Enter Table XI with thé Longitude at the side column and the Declination at the top, and the angle of meeting 
points out the correction to be applied, according to the precepts at the bottom of the Table. 


EXAMPLE 1. 


Required the Sun’s Correct Declination on the 1st of March, 1854, at the end of the Sea Day, in the Longitude of 
80° West. : 
The Sun’s Declination, March 1st, at Greenwich, at the end of the Sea Day, or the beginning of the 


day in the Nautical Almanac, by Table X, is....... Sateen Sa sow Cee ai ewihe asa ene kare 7° 35 
Correction for the Declination in Table XI, for Longitude 80° West, is.........ccceccceccecees . Sub. 5 
(Because the Long: is West and Declination Decreasing,) Gives the Correct Declination............ a et i 

EXAMPLE 2. 


Required the Sun's Correct Declination on the Ist of April, 1854, at the end of the Sea Day, in the Longitude of 


90° East. 
The Sun’s Declination, April 1st, at Greenwich, by Table X, is................ cecces odgn> deanna: Je 
The Cgrrection for the Declination in Table XI, for Long. 90° East, is 5'.8..........eceeeeeeeeee Sub. 6 


(Because the Long. is East and Declination Increasing,) Gives the Correct Declination, ......+eee0.+++++4° 26" 
s 

Note.—The Corrections in Table XI, are expressed in minutes and tenths of minutes, and it is usual in practice that 
when the tenths exceed 5, we call the minutes one more, but when the tenths are less than 5, they are not used at all, 
But when greater accuracy is required, multiply the tenths by 6, which will give seconds of Declination. 

It may also be remarked here, that the Declinations, or any other quantity found in the Nautical Almanac, are all 
ealculated for Astronomical Time at Greenwich ; and that the Astronomical Day begins 24 hours after the Sea Day, and 
12 hours after the Civil Day, and is counted through the 24 hours. 

Hence the Noon of the Civil Day, (or that used by the generality of mankind,) the Beginning of the Astronomica4 
Day. and the End of the Nautical Day, take place at the same period of time. 

There is no reason why this absurd system of keeping Sea Time should be continued; because it is just as ensy te 
keep Civil Time, commencing the day at Midnight, and the Day’s Work could still be reckoned from Noon to Noon, 
as before. ‘The only difference would be, that one half of it would appear in the preceding day’s Log, (where it realty 
belongs,) and the other half in the following Many Logs at: now kept on this principle. (See page 195.) 
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To Correct the Sun’s Declination to any Time of the Day. 


When the Declination is required at any other time than at the Noon of the Ship, a farther correction 1» 
necessary: because, for instance, an observation of the Sun made at 4 hours, either before or after the- 
Noon of the Ship, his Declination must be corrected for the change of Declination in that time. 


RULE, 


Correct the Declination for Noon as in the foregoing Examples. Then enter Table XI again, with the time from 
Noon at the Ship in the side column, and the Declination at the top, and the angle of meeting points out the corree- 
tion in minutes and tenths, to be applied according to the precept at the bottom of the Table. 


EXAMPLE. 38. 


Required to find the Sun’s correct Declination on the Ist of March, 1854, at 8h 10m in the forenoon, Sea Accourt, 
im the Longitude of 80° West. 
_The Sun’s Declination, March 1st, at Greenwich Noon, by Table X, is.............. 7° 85’ S, Decreasing. 
Correction for Declination, in Table XI, for Longitude 80° West,............ -Sub. 5 
(Beeause the Long. is West, and the Declination Decreasing), gives the Decl. at Noon 7° 80’ S. 


t=] 


Correction for 8p 50m, or the time from Noon, Table XI, is 38’ 8” ==........... Add 4 
(Because the Time was before Noon and Decl. Decreasing.) Correct Decl. at 8h 10m 17° 34’ S. 
, EXAMPLE 4. 


Required to find the Sun’s correct Declination on the Ist of April, 1854, at 7h 20m in the forenoon, Sea Account, 
in the Longitude of 90° East. 


The Sun’s Declination, April 1st, at, Greenwich Noon, by Table X, is.............. 4° 32’ N. Increasing. 
Correction for the Declination, in Table XI, for Long. 90° East, is 5’ 8”....... Sub. 6 

(Because the Long. is East, and the Decl. Increasing), gives the Deel. at IN OOD sis ieee 4° 26’ N. 

Correction for 4h 40m, or Time from Noon, in Table XI, is 4’ 5”............8- Sub, 5 


(Beeause the Time was before Noon and the Decl. Increasing.) Cor. Deel. at 7h 20m 4° 21' N. 


EXAMPLE 6. 


Required to find the Sun’s Declination on the 21st of March, 1854, at 5h 20m in the afternoon, Sea Account, in 
the Long. of 120° West. 


March 21st, Sea Account, is March 20th. Declination at Greenwich Noon, Table X, is 0° 10’ S. Decreasing. 


Correction for the Declination, in Table XI, for Long. 120° W. is 7’ 8’”’........ Sub. 8 
(Because the Long. is West, and the Decl. Decreasing), gives Decl. at Noon...... ED ares: 
Correction for 5h 20m, or the time from Noon, in Table XI, is 5’ 2’...........Sub. 5 


Here the Decl. has changed from 8. to N., and the Diff. is the Decl. at 5h 20m. P.M. 0° 8’ N. 


Hence, the rule in this case is, that when the Correction Subtractive, exceeds the Declination, the differ- 
ence is the Declination of a contrary name. 


EXAMPLE 6. 


Required to find the Sun’s correct Declination on the 23d of September, 1854, at 10h Om, in the forenoon, in 
Long. 15° 0’ East. ; 


The Sun’s Declination on the 23d September, at Greenwich Noon, is............-- 0° 8’S. Increasing. 
Correction for the Declination in Table XI, for Long. 15° East,..............06 Sub. 1 

(Because the Long. is East, and the Declination Increasing.) Declination at Noon.... 0° 2’ S 

Correction for 2h Om, or the time from Noon, Table XI... 0.2... eee ee ee eee Sub. 2 


(Because the Time was before Noon and the Decl. Increasing.) Correct Decl. at 10h. 0° 0’ Sun on the Equa 
To Correct the Sun’s Declination to the Greenwich Time of Observation. i 


RULE 


Turn the Ship’s Long. into Time by Table XXVI, and add it to the time at the Ship, in West Longitude, or 
subtract in East. The result will be the Greenwich Time of the observation. If it is before Noon at Greenwich, 
subtract it from 12h; if afternoon, itis the required Time. Take out the Declination against the day of the month, 
from Table X. -Then enter Table XI with this time from Greenwich Noon, in the side column, and the Declination 
at the top, and at the angle of meeting will be the required correction, to be applied according to the precept at 
the bottom of the Table for 7ime. 

Suppose, as in Example 3d. the time at Ship to be 8h 10m A M. Long. 80° W., in time, is 5h 20m, 
which, added, makes 13h 30m, less 12h, gives Ih 30m, the Greenwich time past Noon, which, with the 
Declination 7° 35’. gives the Correction 1’ subtractive, and the correct Declination is 7° 34’ S. 


sé NAUTICAL ASTRONOMY. 


LATITUDE BY THE MERiDIAN ALTITUDE OF THE SUN. 


Latitude is the Distance of a place from the Equator either North or South, and is measured by an Are 
of the Meridian contained between the Zenith of the observer and the Celestial Equator. Hence, if the 
distance of any heavenly body from the Zenith, when on the Meridian, be known, and its Declination 
found in Table X, that is, the number of degrees and minutes it is to the Northward and Southward of 
the Celestial Equator, the’Latitude may thence be found. 

As the Pole round which the Celestial Bodies appear to revolve, remains always in the same fixed place 
m the heavens, from whatever point of the Earth’s surface it. is viewed, its elevation at any particular 
place is always the same, and the Celestial Equator is 90° from it. When the observer changes his Lati- 
tude he changes the distance between his Zenith (which moves with him) and the Pole. He therefo-re 
changes the Altitude of the Pole above the Horizon, and which is always equal to the Latitude of the 
place. The position of the Celestial Equator is changed in like manner. (See Figure 12th, next page.) 

The simplest and most efficient manner of determining the Latitude is by measuring the Meridian Alti 
tude of the Sun with a Quadrant, at the time he attains his greatest Altitude. It is then Apparent Noor 
at the Ship. 


To Find the Latitude from the Meridian Altitude of the Sun. 


RULE. 


Read off the Observed Altitude from the Quadrant, and write it down. In practice, three Corrections only are 
required to be applied to the Sun’s Observed Altitude, viz: The Semi-diameter, taken at 16’, the Dip found in 
Table V, and the Refraction found in Table IV. The Sun’s Parallax, being small, is omitted. 


[f the lower limb be observed, we find his central Altitude by adding the Semi-diameter 16’, and sub- 
tracting the Dip and Refraction ; or by subtracting the Dip and Refraction from 16’, and adding the bal- 
ance, which comes to the same thing. 

In Table [X, the balance of all the corrections may be taken out at once by inspection, as follows : 
Enter the Table, with the Observed Altitude. at the side, and the height of the eye above the Sea: in feet, 
at the top, and at the angle of meeting will be the Correctisn required i in minutes and tenths, and which 
is always additive when the lower limb is observed. When the tenths amount to more than .5, we call the 
minutes 1’ more, but if less ‘than .5, we throw them away, and the result is the True Central Altitude. 
But if greater accuracy be required, "multiply the tenths by 6, will give seconds of Altitude. 

If the Sun’s upper limb be observed, the whole of the Corrections are to be subtracted, which will give 
the True Central Altitude. 

{f the Sun’s centre itself be observed, as in figure 10. No. 3, the Semi-diameter is not required to be 
allowed for. In that case, the Dip and Refraction together, subtracted, will give the True Central 
Altitude. 

Subtract the Sun’s True Central Altitude from 90°, will give the Zenith Distance. Then if the Sun 
bear South when on the Meridian, mark his Zenith Distance North, and if he bear North, mark his Zenith 
Distance South. 

Take out the Sun’s Declination from Table X, and correct it for the Longitude of the Ship by Table XI. 
Write it down under the Zenith Distance, and mark it North or South, as named in Table X; or, if taken 
‘rom the Almanac, in the page containing the day of the month. 

Then if the Zenith Distance and Declination be both North or both South, their sum is the Latitude of 
that name. But if one be North and the other South, their difference is the Latitude of the same name as 
the greater of the two. 


Nore. When the horizon under the Sun is obstructed by land, the Correction for Dip must be taken from Table VIL1, 
when at less distance from the.Shore than 6 miles. 
EXAMPLE 1. 


January Ist, 1854. In the Longitude of 80° West, the Meridian Altitude of the Sun’s Lower Limb was observed 
. be 26° eeu bearing South, Index Error 2’, subtractive. Height of the eye above the Sea, 18 feet. Required 
e Latitude in. 
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Projection of the Meridian Altitude. 
Fic. 12. 
ZENITH: 
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Rutz.— With the Chord of 60° describe a semi-circle, to represent the concave Arch of the heavens, and draw the 
Rational Horizon. Lay off the Sun’s Altitude, 27°, on the Left. Take the Declination, 23° S, in the dividers, (from 
the line of Chords,) and with one foot in the Sun’s place, extend the other towards the Zenith, (because the Declina- 
tion is South,) which will mark the place of the upper end uf the Equator on the Meridian Cirele. Now draw the 
Equator through the centre and the Polar Axis at right angles to it. Mark the Zenith at 90° from the horizon, and 
draw a line from it through the centre, and where it cuts the Earth’s surface is the place of the Observer. His 
Latitude is measured on the Meridian, and is the Distance of his Zenith from the Celestial Equator, which, en the 
line of Chords, measures 40°, and the Elevation of the North Pole, 40° above the horizon, is equal to the Latitude 
of the place. Hence the Distance of the Observer from the Equator of the arth, which is 40°, is his Latitude N orth, 


By Computation. 


Sun’s Observed Altitude, Lower Limb....... 26° 52’ S. 
Semi-diam., add,....16’ Index Error, Sub... 2 Sun’s Declination, Jan. Ist, Table X,........ ps halal bes 
Pip.4, Ref. 2—Sub. 6’ 26° 50’ Correction Table XI, Long. 80 W.....Sub. 1 
ea Winiee OF Oorr;,... 010’). vos ss vce ss Add...: 10 Corr, Declination at Noon of the Ship...... 23" 0S 
Sun’s true Central Altitude....27° 0’ 
90 0O 
Zenith Distance........... Yo 468 Bi Ny 
Correct Declination.......... 230.3, Oi jee 
REMOTE ley Crea ay eohate it, 40° O'N; 


EXAMPLE 2. 


June Ist, 1854. In the Long. of 90° E., the Meridian Altitude of the Sun’s Lower Limb was observed to be 69° 
45', bearing S., Index Error 3’, additive. Height of the eye above the Sea, 20 feet. Required the Latitude in 


Projection of the Meridian Altitude. 
Fie. 13. 


ies See eee ene RD 


Rutx.—Proceed, as in the last Example, to draw the figure. Then lay off the Sun’s correct Altitude, 70° on tne 
ieft. Take the Declination, 22° N., in the dividers, and with one foot in the Sun’s place, extend the other downwards, 
(pecause th: Declination is North,) which will mark the upper end of the Equator. Now draw the Equator and the 
Polar Axis.as before. A line drawn from the Zenith, let fall on the Earth's surface, and through the centre, will be 
she place of the Observer, and his Latitude is the Distance of the Celestial Equator from his Zenith, which mensures 
42° onthe line of Chords, and the Elevation of the Pole is equal to the Latitude. 
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we 
Finding the Latitude by the Meridian Altitude of the Sun. 
BY COMPUTATION.—(See Example 2.) 

Sun’s Observed Altitude, Lower Limb......... ...69° 45'S. Declination, June 1st, 1854, Table X,.. . 22°3’N 
Semi-diam........- 16’ Index Error,...... Add 3 Corr, in Table XI, Long. 90° E==..Sub.. 2 
Dip. 4, Ref.0, Sub. 4 69° 48’ Sun's Corr. Dec., Noon of Ship.........- 22°1'N 
Balance of Corr.....12 Add..... 12 

Sun’s true Central Altitude........ 70° 0! 

90 0 

Zenith Distance......... PAAR PIO 20° 0’ N. : 

Sun’s Correct Declination............ 22 TN. 

Latitude in. ........ eivielel @ o's oma AZ ai eave 

EXAMPLE 3. EXAMPLE 4. 


July 22d,1854. In Long. 25° West, the Meridian Alti- 
tude of the Sun’s Lower Limb was 89° 1’ South. Height 
of, the eye, 18 feet. Required the Latitude in. 


Obs. Alt. Suma ower danth's ss sens eee cet 89° ("1 °R: 
Corr. found in Table IX.,........... Add atce 12 

True Central Altitude........ 89° 13’ 

90 O 

Cenith SLNBteNGe Aes. ods ee helene 0°47’ N 
Declination, Table X, 22d July, 20° 19’ N. 

> a . 20 18- N 
Corr, Table XI, Long. 25°, ..Sub... 1 

Latitude in....... Fp tel Pie Se Ur heed 


EXAMPLE 65. 


Aug. 7th, 1854, In Long. 112° W., the Meridian Alti- 


tude of the Sun’s Lower Limb was 74° 27’ North. Re- 

quired the Latitude in. 

Obs. Alt. Sun’s Lower Limb.............. 74° 27' N, 

Corr: trom: Tabla TX, @ 25. osaleeeeeens Add... 12 
True Central Altitude........ 74° 39° 

, Zenith Distance... vs.ee eee: 15° 20'S, 

Declination, Table X, 7th Aug., 16° 28’ N. a 

Corr., Table XI, Lon. 112° W., Sub.. .5 16 23 N. 
atitadeiin: 3...) eee oe 1° YN. 


EXAMPLE 7. 


March 20th, 1854. In Longitude 160° W., the Meridian 
Altitude of the Sun’s Lower Limb was 32° 58' N. Re- 
quired the Latitude. 


Obs." Alt::Sun’s Lower Limb. 6-95... os 32° 58' N. 
Correction, Tabla 1X2 oe ee Add. 10 
True Central Altitude........ 33°. .3 
LANs Zenith Distance............. 56° 52'S. 
Declination, Table X, March 20th, 0° 10’ S. 
Corr., Table XI, Lon.160° W.Sub..0 11 Opts 
Latitudetnit Mace oe 56° 51'S. 


July 23d, 1854. In Long. 27° W., the Meridian Alti- 
tude of the Sun’s Lower Limb was 88° 4' N. Height of 
the eye, 18 feet. Required the Latitude. 


Obs. Alt. San’s Lower Litib. .. so. ones oe 88° 4'N 
Correction, in Table TX,. ...........4. AAG sue 
‘ True Central Altitude........ 88° 16 
90 O 

Zenith Distance.*)../2s2).8% oes 1° 44’ 8, 

Declination, Table X, July 23d, 20° 7' N, Bite in 

Corr. Table IX, Lon. 27° W., Sub...1 4 


Latitude 9.4254 eee ee 18° 22’ N 


EXAMPLE 6. 


Aug. 8th, 1854. In Long. 140° East, the Meridian Alti- 
tude of the Sun’s Lower Limb was.72° 46’ N. Required 
the Latitude. 


Obs. Alt. Sun’s Lower Limb........ spake 72° 46’ N, 
Correction, Table [X,....... an bein aes Add.. 12 
True ‘Altitude. i.¥. eee eee 42° 58’ N. 
Zenith Distance. .......5..% PT]? OAS, 
Declination, Aug. 8th, Table X, 16°21 16 1s N 
Corr., Table XI, for Lon. 140° E.,..Add.7 
Latituderin 3 bcs oes eee . 0° 44'S. 


EXAMPLE 8. 


Mareh 21st, 1854. In Long. 175° E., the Meridian Alti- 
tude of the Sun’s Lower Linib was 40° 20' N. Required 
the Latitude. 


Obs. Alt. Sun’s Lower Limb was...ccsc.ee 40° 20'N 
Correction, Table IX, ...... J. 5. .aaeee Add.. 11 
True. Altitude; ...08e eee 40° 31’ 
Zenith Distance,ws:s ss -+ ees. 49° 29'S 
Declination, Table X, March 21st, 0° 14’ N. 0° ON 
Corr., Table XI, Lon. 175° E., Sub. 12 
Latitudéiinsitman wee ee cs ees ss 49° 27' 8. 


In the above Examples the height of the eye above the Sea is supposed to be about 16 or 18 feet, which 


answers very we!l for vessels 
sid-rably above that. 
feet above the Sea. 
aceordingly 


of common size; but in very large Ships the height of the eye will be con- 
On the other hand, in small vessels the height of the eye will be much less than 1é 
The Dip, found in Table V, or the height of the eye, in Table XI, musi be regulated 
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FINDING THE LATITUDE BY THE MERIDIAN ALTITUDE OF THE SUN. 


When the Sun’s True Central Altitude is 90°, he is in the Zenith, and the correct Declination for th_ 
day is the Latitude of the same name as the Declination. 
When the Declination is 0° 0’, the Zenith Distance is the Latitude of a contrary name to the Bearing of 


the Sun when on the Meridian. 
When the Zenith Distance and Declination are equal, but of contrary names, the Ship is on th 


Equator. 
When the Sun is in the Zenith, and his Declination 0° 0’, the Ship is on the Equator, which the follow. 
ing Diagram will show. 


Fic. 14. 


‘ZENITH 


RATIONAL. 


sn this Figure, the Sun appears in the Zenith, and his Declination at the same time being 23° 28’ N. 
from the Equator, 2s the Latitude of that name, and which is equal to the elevation of the Pole above the 
Horizon. Now suppose the Sun to be on the Equator, then his Zenith Distance would be 23° 28’ N., which 
is also the Latitude. Again: Suppose the Equator to coincide with the Zenith; then both North and 
South Poles would appear in the Horizon, and which is the case when the Ship is on the Equator. Again: 
if the Sun has, say 23° 28’ S. Declination, his Zenith Distance in this case would be 23° 28’ N., which 
being equal and of contrary names, the Ship would be also on the Equator. 

When the Sun is in the vicinity of the Zenith, it is often difficult to observe his Altitude, in consequence 
of not knowing on which side of it he will pass the Meridian. But if the Watch be previously regulated 
to Apparent Time it will be found of great service in indicating the exact time, that is, 12 0 ’elock, when 
the Sun will be on the Meridian, because his motion is then very quick, and he requires to be carefully 
watched to obtain his proper Altitude. It may, however, be obtained to nearly 90° in this way, by the 
exercise of a little care. 

It is nevertheless advisable to verity the Latitude so obtained, by an observation of a Planet or a Star, 
taken at twilight, when the Horizon is distinctly seen, and for which there are good opportunities to be 
found during the fine serene weather in the tropics. 


\ 


To Find the Latitude by Observing the Sun’s Centre. 


When the Sun shines through watery clouds his limbs may not be distinctly visible, but a good observa- 
tion may still be obtained by bringing his middle down to the Horizon. (See page 68, Fig 10.) The 
observation is then worked as follows: 


EXAMPLE 9.. EXAMPLE 10. 
Observed Meridian Alt. of the Sun’s Centre. ..10° 10’ N. | Observed Merid. Altitude of the Sum’s Centre.60° 14’ & 
Dip 4, Refraction 5, .......eccseceee . Sub. 9 Dip 4.) Refraction lyc:. ss cna ae eee oss Sub. 5 
San s-iruc Central Altitude. geeueu..ss.+210° 1° Sun’s True Central Altitude... ............06. 60° 9’ 
EDIE” DISEATICE., «0... «\> + «+ nmin are ae 79° 59'° Sit Zenith. Distanaaiiaciwee eae tale. |. es 29° 51’ N. 
DScInAtION. SUNS, D186, .. > «<< BREE co cn's oo Oi th. : Declination, December: ZisG. oi. «cde eae ons ee eT as 


Ship off Cape Horn, Latitude in............ 56° 32° S ' Latitude i Whee) gincce CRN ithe s baw ae a's sare cee 6° 24’ N 
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4 
TO FIND THE LATITUDE FROM A BACK OBSERVATION WITH A SEXTANT. 
RULE. 


Brmg the Lower Limb of the Sun in contact with the Back Horizon, and subtract the Angle so obtained from 
180° 0, which will give the Meridian Altitude of the Upper Limb Subtract the difference between the Dip and 
the Semi diameter, (usually taken as 12’), and the result is the True Central Altitude. In this case, no Correction for 
Refraction is required, because the Sextant can only measure about 120° of an Angle, the supplement of which is 
40° of an Altitude, (for which no Correction for Refraction is required in Practice at Sea.) This method is useful in 


low Latitudes when the Horizon under the Sun is obstructed by the land. 


DIAGRAM OF A BACK OBSERVATION. 


Fie. 15. 


EXAMPLE 11 
The Angle of the Sun’s Lower Limb from a back Ob- 


servation with a Sextant, was 119° 32’ on the Meridian, 
the observer facing towards the North. The correct De- 
clination at the same time was 20°10’ N. Required the 
Latitude. 

Observed Angle Sun’s Lower Limb.........119° 32’ N. 


Subtraet from....... LSD GAT: eee ane Ye 180 0 
Sun’s Meridian Altitude, Upper Limb...... 60° 28’ S. 
Semi-diameter 16’ and Dip 4’, subtract Corr, 12 
Sun’s True Central, Altitude............... 60° 16’ 


Subtrazted from 90°, gives the Zenith Distance 29° 44’ N. 
Orr ene GCUNAION'. sy ae cls sie sleds we eolsies 20 10 N. 


Datta moet tat iS. ees. eee ee 49° 54’ N, 


PO SHORIZONE 6 


EXAMPLE 12. 


The Angle of the Sun’s Lower Limb from a Back Ob 
servation with a Sextant was 100° 25’ on the Meridian, 
the observer facing towards the South. The Correct De- 
clination at the same time was 22° 15’ N. Required the 
Latitude. 

Observed Angle Sun’s Lower Limb.........100° 25’ 8. 


Subtract from acc, ee ieee see aes 180 

Sun’s Meridian Altitude, Upper Limb..... -. 19° 35'N 
Semi-diameter 16’ and Dip 4’, subtract Corr. 12 
Sun’s True Central Altitude. ............6. 79° 93! 


Subtracted from 90°, gives the Zenith Distance 10° 87’ S, 


Corréet ‘Declination: oe ye ea 29° 15’ N, 
Latitude in ace uerare ce EN ALEC DS Libs AM 11° 38' N. 


To Find the Latitude from an Altitude by the Shore Horizon 


When the Ship is less than 6 miles from the Shore under the Sun, when on the Meridian, his Lower 
Limb is brought down to the line which divides the Sea and Land, and a Correction for Dip taken from 
Table VIII, to be used in the room of the Dip usually taken from Table V. 


EXAMPLE 18. 


With the Bearing of the Land find the Distance off, by 
some one of the Rules given at pages 32 and 88, or by the 
Soundiugs on the Chart. 

Suppose the Distance off shore to be 1 mile, and the 
Observed Altitude to be 60° 11’ S; height of the eye 18 
ee Correct Declination 20° 10’ N. Required the Lati- 
tude, 

Observed Alt Lower Limb to the Sea Line....60° 11’ S. 
Semid.16’, Dip at 1 mile. Tab. VUT, is 11’, Add Diff. 4’ 
Sun's True Central Altitude. ................60° 16’ 
Subtracted from 90°, gives Zenith Distance.. ..29° 44’ N. 
Correet Declination. ..............0.. 

Latitude in...... Pian os 


Subtracted from 90°, gives the Zenith Dist... 10° 37'S 
. Correct Declination..........- St fy 22 15 N 


EXAMPLE 14, 


Find the Distance off shore from the Bearing of the 
Land, as before directed, and the correct height of the 
eye above the Sea level. : 

Suppose the distance off shore to be 4 a mile, and the 
Observed Altitude to be 79° 85’; height of the eye 25 
feet; Correct Declination 22° 15’ N. Required the Lati- 
tude. 

Observed Alt. Lower Limb to the Sea Line. » 79° 35’ N 
Semid. 16’, Dip at 4 m., in Tab. VIL, is 28’ Sub. Dif 12 
Sun’s True Central Altitude........+++00-- 79° 237 


Latiterde: 1972 Oi rare Wi, eT ele o oe wae 11° 38’ © 
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TO FINJ THE LATITUDE FROM A MERIDIAN ALTITUDE BELOW THE POLE. 


When the difference between the Declination of a body and 90°, or the Polar Distance, is less than the 
Latitude of the place, and they are both of the same name, the object comes to the opposite Meridian with- 
out setting, and passes that Meridian below the Pole. If the Altitude be then observed, the Latitude may 
be found as follows : 


Rotxe—Correct the Observed Altitude as usual, and to the true Central Altitude, add the Difference between the 
Declination and 90°, or the Polar Distance. The Sum will be the Latitude of the same name as the Declination. 


In High Latitudes, in the Summer time, the Sun does not set for many days, and the Latitude may be 
obtained from his Meridian Altitude twice in the 24 hours; that is, at Neon and Midnight. 
DIAGRAM 
- Of the Meridian Altitude Below the Pole. 


' 
ee nse OF The 


: ele 
ae 
rs 


ISABEULA THOMS Sc. ; 2 oe 


In this Figure the true Meridian Altitude of the Sun at Noon is 33° 28’ South, and which, worked ou. 
in the usual manner, gives Latitude 80° 0’ North, (on the coast of Spitzbergen,) and the Latitude from the 
WWieridian Altitude at Midnight, is found as follows : 


EXAMPLE 15. EXAMPLE 16. 


June 21st, 1854. Sea Time at Midnight on the coast May 16th, 1854. Sea Time at Midnight the observed 
of Spitzenbergen, the Merid. Altitude of the Sun’s Lower | Merid. Altitude of the Sun’s Lower Limb was 8° 58’N, 
Limb was observed to be 13° 17’ N. Height of the eye, | Height of the eye, 15 feet. Ship off Verlugen Hook, in 
6 feet; Long. in, 17° East. Required the Latitude in. Long. 16° 50’ East. Required the Latitude in. 


Obs, Alt. Sun’s Lower Limb.............. 13°17’ N. | Obs. Alt. Sun’s Lower Limb........., 02.00 8° 53’ N 
Correction, Table LX, to be added .......... 10 Correction, Table IX, to be added ..........- 
True Central Altitude........ 132277 True Central Altitude......... 8° 59’ 
Declination, June 20th,........ 23° 27’ N, Declination, May 15th..... PP 18° 5 1Ne 
Corr. for Long. 17° East ....... 0 Corr, for Long. 16° 50’ East,.Sub.. J 
Corr. 12h. past Noon.........- 0 Corr. for 12h. past Noon ....Add. 7 
Correct Declination. ........ Rha Fey ay Correct Delination........... 18° 57’ See 
Subtract from ........... cee 0000 t 66 88 N. Subttact POLG Us Gin W's a's hs can ee 90 0 ener 
Eaitude. in... cise eae B07 101 Diau Latitude i072 25 sie Generar, Sy COO Sh 


Norz.—This Rule applies likewise to the Polar and other Stars, which have great North Declination, examples of 
which will be found at page 109; and it inust be understood that although the foregoing Examples and Diagrams of 
Nautical Astronomy are generally constructed for North Latitude, and the North Pole elevated above the horizon, by 
‘eversing the figure, that is, by elevating the South Pole, the Rules are the same, only substituting South for Nerth, 
The Spectator is then supposed to be situated at a great distance to the Westward of the Earth and facing towards the 
Yast, having South on his Right and North on his Left. ¥ 
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FINDING THE LATITUDE ON SHORE BY THE ARTIFICIAL HORIZON. 


When the Sea Horizon is obstructed by the Land, the Latitude may be found by an Artificial Horizon 
on shore, (a description of which is given at pages 78 and 79,) in places where tho Sun’s Meridian Altituae 
does not exceed 60°; because in observing with this instrument, the angle is doubled, that is, 60° of Alti- 
tude would require an angle of 120° on the Arch of the Sextant, and the Arch of common Sextants do 
not extend much beyond 120°. 


RULE. 


Bring the Limbs of the Sun in contact, and when he has attained his greatest Altitude read off the angle, to which 
apply the Index Error of the Sextant, and take half the angle: for the Meridian Altitude of his Lower Limb, to 
which add the Sun's semi-diameter, and subtract the Refraction, will give his true Central Altitude. The Latitu le 


is then found in the usual manner. 


EXAMPLE 77. 


Jan. 20th, 1854. At New York the observed Angleof 
the Sun’s Lower Limb inthe Artificial Horizon, on the 
Meridian, was 57° 57’ 20" S., the Index Error of the Sex- 
tant being 2’ subtractive. Required the Latitude 


Obs. Angle Sun’s Lower Limb......... 57° 57’ 20" S, 
Index Error........ Sub.. 2 0 
Apparent Angle........- 57° 55’ 20" 

Half the Angle is the Sun’s Mer. Alt.... 28° 57'40" S. 
Sun’s semid., N. A... Add. 16 17 


App. Central Altitude ... 29° 18757" 
Refraction, Table IV, Sub. 1 41 
Sun’s True Central Alit... 29°12’ 16” 
Sub. from 90°, gives the Zen. Distance.. 60° 47’ 44’ N, 
Sun’s Dec., Jan. 20th, N.A., 20° 7’ 3887S. 
* Cor. for Lon. 74° W,, in 
Table XI, ....Sub. 2.6==2 36 
Latitude of New York.... 40° 42’ 42” N. 


2 Bact dass 


EXAMPLE 19. 


June 21st, 1854. At the North Cape of Europe the 
observed Angle of the Sun’s Lower Limb in the Artificial 
Horizon, on thé Meridian, was 84° 5’ 36’ S. No Index 
Error in the Sextant. Required the Latitude. 


Obs. Angle Sun’s Lower Limb ......... 84° 5’ 36" S. 
Half the Sum is the Sun’s Mer. Alt....... 49° 9) 48" 
Sun’s semi-diam, N. A...... 15 46 
Sun’s App. Altitude ...... 42° 18’ 34” 
Refraction, Table IV...... | Ly 2 
Sun’s True Central Alt.... 42°17’ 32”S. 
90 00 00 
Zenith Distance.......... 47° 42’ 28’"'N. 


‘Declination, June 21st. No Corr. required.23 27 32 N. 
Latitude of the North Cape, 71°10’ 0”N. 


EXAMPLE 18. 


March 80th, 1854. At Valparaiso Fort the observed 
Angle of the Sun’s Lower Limb in the Artificial Horizon, 
on the Meridan, was 105° 44’ 10” N., Index Error of the 
Sextant being 1’ 80’, additive. Required the Latitude. 


Obs. Angle Sun’s Lower Limb....... 105° 44°10" Ww 
Index Etror.icaee « Add 1 30 
Apparent Angle........ 105° 45’ 40'' 

Half the Angle is the Sun’s Mer. Alt.. 52° 52’ 50” 


Sun’s semid., N. A... Add 16°" 
Apparent Central Alt.... 53° 8’ 52” 
Refraction, Table IV, Sub. 43 
True Central Alt........ 53° '8' 9” N. 
Sub. from 90°, Gives the Zenith Dist... 36° 51’ 51” S 
Sun’s Dee., March 80th. ..3° 45’ 22’"N, 
Corr. for Lon. 72° W., in 8 49 52 N 
Table XI, Add 4’.5,or 4 30 


Latitude of Valparaiso Fort, 38° 1’ 59'S 


EXAMPLE 20. 


Sept. 1st, 1854. At Antipodes Island, in Lat. 49° 35’ 
S., Lon. 179° 2’ E., the observed Angle of the Suu’s Lower 
Limb, on the Meridian, in the Artificial Horizon, was 63° 
21'10” N. Ni Index Error. Required the Latitude. 
Obs. Angle Su. Lower Limb..;.... .. 68° 21’ 10” N 
Half the Angle is the Sun’s Mer. Alt.... 31° 40’ 35" 
- Sun’s semid.,-N. A....Add. 15 53 
Sun’s App. Altitude...... 31° 56’ 28” 
Refraction, Table IV, Sub. 1 33 
3 Sun’s True Central At..... 81° 54’ 55” N. 
Sub. from 90°, Gives the Zenith Dist..... £8° 5’ 5” S 
Sun’s Dee., Sept.ist, N.A. 8° 19/18” N, 8 30 18N 
Cor.Long.179° E..Ta.XLAdd 11 


Latitude of Antipodes Island. .49° 34’ 47" S. 


Notr.—In correcting the Declination, the Civil Time is used in the above Examples; that is, the Noon of the Civil 


day corresponding to the Beginning of the Astronomical day. 


ebtained than by the Sea Horizon, 


* The Correction for the Declination in T 
by 6 w2 get seconds of Declination. 


The Latitude found inthis manner is more correctly 


able XI being in minutes and tenths of a minute, by multiplying the tenths 
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By one Altitude of the Sun and the Time from Noon. 


{t frequently happens that the Meridian Altitude of the Sun is lost, in consequence of cloudy weatner 
coming on, and that he may be visible both before and after he passes the Meridian. In either case, if an 
Altitude be then observed, and the Apparent Time at the Ship known, the Latitude may still be found 
as correct as at Noon. 

To facilitate this computation, a Table has been constructed so that the required Logarithms can be taken 
out by inspection, for the purpose of finding the number of Minutes of Altitude which the Sun has to rise, 
when the observation is made before Noon, or what he has fallen, when made in the Afternoon. In both 
cases this Correction is additive to the Sun’s Observed Altitude, which will give his Meridian Altitude, or 
what it would have been if observed at that place. 

Table XV, in Five parts, is given for this purpose, and explained as follows : 


PART I 


Contains the Logarithm of the Hour Angle, or the time from Noon, and extends to 64m. 30sec. [his 
being sufficient for the common purposes of Navigation, and within which the observation must be made 
according to the limits given in Part V, (except in a very high Latitude in the Winter months, and where 
few Ships frequent.) This part is entered, with the minutes and the nearest seconds, from Noon, and oppo- 
site to it stands the Logarithm, to which annex the Index found at the top of the table. 


PART II 


Contains the Logarithm of the Latitude by the Dead Reckoning, and the Sun’s Declination when they 
are of the same name. The Latitude extends to 60°, and the Declination to 23°. This part is entered with 
the Latitude by Dead Reckoning at the side, and the Declination at the top. The Angle of meeting points 
out the required Logarithm. When the minutes of the Latitude and Declination amount to nearly half a 
. degree, take out the nearest Logarithm preceding and the nearest Logarithm following it, add them 
together, and take their half sum for the required Logarithm. 


PART III | : 


Contains the Logarithm of the Latitude and the Declination, when they are of contrary names, and 1s 
entered in the same manner as the other. 


PART IV 


Contains the Sum of the Logarithms of the time from Noon, and that of the Latitude and Declination, 
opposite to which stands the required correction, to be added to the observed Altitude. 


PART V 


Contains the limits of the Time from Noon, at which the.Observation can be relied on. It is entered 
with the Declination at the top, (according as it is of the same or of contrary names to the Latitude), and 
the Latitude at the side, and the angle of meeting points out the time from Noon, at which the observation 
should be made, and it must not greatly exceed this time , especially near the Equator. And it will be per- — 
ceived by this Part, that in low Latitudes the Observation must be made nearer to Noon than in high Lati- 
tudes. This table. is, therefore, of the greatest utility in high Latitudes; and where, also, it is oftenest 
required, on account of the stormy weather which generally prevails there, when the Meridian Altitude can 
seldom be obtained. 

This method of finding the Latitude will, therefore, be found very useful when an Altitude can be 
obtained near Noon, (but ‘which is generally considered ‘by seamen as useless after their Meridian Altitude 
has been lost), and although a Ship at Sea is almost continually changing her time, if the time of the Observa- 
tion be noted by a good watch, which may have been regulated previously to Apparent. Time at the Ship, then 
the difference of. Longitude made in the interval since it was last regulated, turned into time, and subtracted 
from the time by watch, if the Ship has been sailing West, or added to it when sailing East, will give 
the Apparent Time of the Observation ; which, if before Noon, subtracted from 12 hours, will give the time 
from Noon, A. M.; otherwise it will be the time from Noon, P. M. (See Example 6, pa ge 95.) Or the 
watch may be regulated by equal Altitudes near Noon, as in Example 5. 

But the most correct mode ; is, to find the Apparent Time at Ship from the Greenwich Time by Chronom- 
ster. The Ship’s Longitude being generally known within a few minutes of the truth, which turned into 
time and applied to the Greenwich Time, furnishes the Apparent Time of the Observation as follows: 
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. 


To Find the Latitude by one Altitude of the Sun, having the Apparent Time from Noon deduced from the 
| Greenwich Time by Chronometer. 


RULE FOR FINDING THE TIME, 


Note the Time of the Observation by Chronometer, and find the Greenwich Time by applying its error. Turn 
the Ship's Longitude in (at the time of the Observation) into Time, and subtract it from the Greenwich Time in 
West Longitude, or add it to the Greenwich Time in East Longitude, will give the Mean Time of the Observation 
at the Ship. To this Mean Time apply the Equation of Time the contrary way to what is directed in the precept 
at the head of the column in the Nautical Almanae for Apparent Time, and the result is the Apparent Time of the 
Observation at the Ship, which, if before Noon, must be subtracted from 12h, (or from 24h if above 12h,) will give 
the time from Noon, A. M, otherwise it is the required Time from Noon, P. M. 


THE OBSERVATION. 


Observe an Altitude of the Sun near the limits of the time from Noon, given in Part 5th, Table XV, and note 
the Time by the Watch or Chronometer, and find the time from Noon as previously directed. Find the Latitude ip 
by Dead Reckoning to the nearest half degree, and correct the Sun’s Declination to the time of the Observation as 
usual, but to the nearest half degree is enough for the tables. 


RULE FOR USING TABLE XY. 


Enter Part Ist with the Time from Noon, and take out its Logarithm. 

Enter Part 2d when the Latitude and Declination are of the same name, or . 

Enter Part 3d when they are of contrary names, and take out the Log. as explained in the preceding page. Add 
ogether these two Logarithms, and find their sum in Part 4th, against which will be found the Correction reyuired 
in Minutes, or Degrees and Minutes, and which must always be added to the Sun’s Observed Altitude, and the result is. 
the Sun’s Meridian Altitude, or, what it would have been if observed on the Meridian at the place at which the observa- 
tion was made. 

The Latitude is now found in the usual manner, which will be that of the Ship at the time of the Observation. 
and may be brought up to Noon by applying the Difference of Latitude made in the interval. 


EXAMPLE 1. EXAMPLE 2. 


Feb. 25th, 1854, a Ship at Sea in Latitude by Dead March 15th, 1854, a Ship at Sea, in Latitude 44° 30° 
Reckoning about 38° N., and Long. 76° 30’ W., by Chro., | N., by Dead Reckoning. and Long. 60° 30’ W. by Chro., 
an Altitude of the Sun’s L. Limb was observed to be 41° | the Sun’s observed Altitude was 42° 20'S, A. M, The 
44’ 8. P. M., and the Greenwich Time by Chro. 5h 58m | Greenwich Time by Chro. was 3h 31m 9sec. P.M. The 
57sec. P. M. at Greenwich. Required the Latitude | course to Noon was S. W. true, going 9knots. Required! 


in. the Latitude in at Noon. 

H.M. 8. H. M. 8. 
Green. Time by, Chro. 5 53 57 Deel. Feb. 25...9° 5’ S. | Green. Time by Chro... 8 31 9 Deel. March 15.2° 9’ S. 
Ln. 76° 80' W.intime 5 6 O Corr. Table XI. 5 Add.12 0 0 Corr. T.XI.Sub. 4 
Mean Time at Ship... 47 57 Corr. Decl...... 9° 0’ S. | For the purpose of Sub.15 31 9 Correct Deel. 2° 5’ S. 


App. Time from Noon — 84 41 == Log. 7.757 Part 1st. Mean Time at Ship...1] 29 9 Equa. Time N. A. 9m 9r 
Lat. 88° N,, Decl. 9° S......... .. Log. 0.828 Part 3d- Equa. of Time...Sub. 9 9 


Corr. in Part 4th.... 0°42’ — Log. 8.085 Table XV. | App.Time at Ship...11 200 A.M. 
Obs. Alt. L, Limb... 41 44 S. Sub. from.12 0 0 


Time from Noon..... 40 0 Log. 7.881 Part Ist. 


Meridian Altitude... 42° 26’ 


Corr. Table [X...Add 11 Lat. 44° 80’ N., Decl. 2° S. Log. 0.294 Part 3d. 

Sun’s Central Alt.... 42° 37’ Corr. in Part 4th....... 0° 51’ Log. 8.175 Table XY 
90 0 Obs. Altitude L. Limb.. 42 20 S. 

Zenith Distance...... 47° 23’ N. Meridian Altitude...... yeaah 

Correct Declination... 9 0 §. Corr. Table IX..... Add ill 

Latitude in... wssees 38° 23’ N. at 85 min. past Noon. | Sun’s Central Altitude. . 43° 29’ 

D. Lat. made since N 5 to the Ncrthward. Sub. from 90° = Zen. Dist, 46° 38’ N. - 

Latitude in........ 88° 18’ at Noon. Correct. Declination...... 2 5 S. 


Equa. of Time...Sub. 13 16 Equ.of T.,.N.A.,18m16s | Ln. 60° 30’ W.intime. 4 2 0 
I 
| 


Latitude in..........+-. 44° 33’ N. at 40m before Noow 
Course S. W. 6 m. gives D, Lat. 4 to the Southward, 


Latitude ine i...eceee.) 44° 29’ N. at Noon. 
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FINDING THE LATITUDE OUT OF THE MERIDIAN. 


EXAMPLE 3. 


Oct. 20tn 1854. In Latitude by Dead Reckoning about 
40° 0’ S., Long. by Chro. 62° E., the Sun’s Obs. Alt. was 
59° 30’N., P.M. The Greenwich Time by Chronometer 
was 19h. 58m. 548. A.M. The Course since Noon was 
S. 8. E.,, going 12 knots an hour. 
in at Noon. 


H. M. 8. 
Green.Time by Chr., 19 58 54 Dec. Oct. 20... 10° 20'S. 
Lon. 62° E.intime.. 4 8 0 Cor, Ta. XI, Sub. 4 
24 6 54 Cor. Dee...... 10° 16’ S. 
Subtract....24 0 0 
Mn. Time at Ship.. 6 54 Equa. Time,N. A. 15’ 6” 
Kq. of Time,.. Add.. 15 6 
Ap. Time from Noon. 22m.0s.Log 7.862 Part 1st. 
Lat. 40° S. and Dee. 10° S. Log 0.480 Part 2d. 
Cor. in Part 4th, Add 0° 24’—= Log. 7.842 Table XV. 
RRP Se 'v'nic 0. 00 59 30’ N. 
Mer. Altitude.... 59° 54’ N, 
Corr., Table IX,Add 12 


True Altitude.... 60° 6’ N. 

Zenith Dist....... 29° 54’ S. 

Declination. ..... 10 16 S. 

Latitude in...... 40° 10'S. at 22’ past Noon. 

S.S.E. 4 m. =—D.Lat. 4 to the South’d since Noon. 

Datitode. 6464 3.'.. 40° 6’ S. at Noon. 1. 
EXAMPLE. 5. 


June 22d, 1854. Ship near the Equator, equal Alti- 
tudes were taken to correct the Watch. 
Altitude A.M. 66° 4’ N. Time by Watch....11h, 48m. 
do, P.M. 66 4 N. do. cae AN een BA 
Watch is 3 min. fast of Apparent Time....... )24 6 


12h. 3m. 
Required the Latitude in at the time of the P.M. Altitude. 
Time by Watch, P.M.....0h. 18m. 
Watch fast of App. Time. 3 
App. Time from Noon ...0h. 15m.Log 7.029 Part Ist. 
Lat. 0° 0’, Dee....... 23° N. Log 0.673 Part 2d. 
Corr. Part 4th,..Add 0 17’ == Log 17.702 Table XV. 
Obs. Altitude .......66 “4 N. 
Merid. Altitude .... 66° 21' N. 
Cor. TableIX, Add. 12 


True Altitude....... 66° 33’ N. 

Zenith Distance ..... 23° 27'S. 

Declination......... 28 2s 
Latitude..... 0° Of 


Required the Latitude 


@ 


July 5th, 1854. In Lat. by Dead Reckoning about 50 
S., and Long. 90° 36’ E.. by Chro., the Sun’s Obs. Alt. 
was 15° 47’ N., A.M. The Greenwich Time by Cro. was 
17h. lm. 47s. A.M. The Course to Noon was N.E, going 
10 knots an hour. Required the Latitude at Noon. 


EXAMPLE 4. 


H. M. 8. 
Green. T’e by Chr, 17 147 Dec, July 5.... 22° 49’ N. 
Lon.90° 36’ E.in time, 6 2 24 Cor. Ta. XI, Add 2 


M.T’e at Ship,A.M. 23411 Cor. Dec. ...... 92° 51 N. 
Equa. of time.Sub. 411 

Sub, fr. 24h—=Ap.T. 230 0 Equa, N.A..... 4’ 11" 
Ap.T.fm Noon.. 1h.0m.0s. Log 8.231 Part Ist. 


Lat. 50° S.,.and Dee. 28° N. 


Cor., Part 4th,. Add 1° 18’== 
Obs. Altitude.... 15 47’ N., 


Mer. Altitude.... 17° 0’ N. 
Corr. Table IX, Add 9 


True Altitude... 17° 9N, 


Zenith Distance .. 72° 51'S. 
Declination...... 22 5IN. 


seme 


Latitude....50° 0’ S, at 11 o'clock A. M. 
Co. N.E,10m=D.Lat. 17 to the Northward. 


Latitude. ...49° 58’ S. at Noon. 


Log 0.093 Part 8d. 
Log 8.324 Table XV 


EXAMPLE 6. 


Nov. 15th, 1854. In Latitude about 56° 5’ N., sons. 
15° W., an Altitude of the Sun was observed in the after- 
noon to be 14° 7’ S. Time shown by the watch, 1h.8m.46s., 
which had been regulated in the morning, since which 
time the Ship had made 64’ of Longitude to the West- 
ward. Required the Latitude in at the time of the Alti- 
tude. 


Time of Alt. by Watch...... 1h. 8m. 46s. 
* D.Lon. ma. 64’ W.in time, Sub. 4 16 


App. Time at Ship, P. M.... 1h. 4m. 80s.Log. 8.294 


Lat. 56° N., and Dee..184S. ......... Log. 0.042 
Corr.in Part 4th.. Add 1° 14’ = Log. 8.336 
Obs. Altitude ....... 1467S. Table XV. 
Merid. Altitude ..... 15° 21’ S. Dec.....18° 30'S. 
Corr., Table IX..Add = 8 Corr...Add 1 
True Altitude....... 15° 29’ §S. Cor. Dec.18° 31 S. 
Zenith Distance ..... 44° 31'N, 

Declination ......... I8531- 8) 


Latitude in ....56° 0’ N. at 1h.4m.P.M 


‘ 


QUESTIONS FOR EXERCISE. 


Question 1st.—Dec. 11th, 1854. The Latitude by Dead Reckoning was about 50° 0’ N., and the Longe 
tude by Chronometer 41° 20’ W. An Altitude of the Sun was observed in the forenoon to be 15° 28’ © 


and the time by Chronometer 13h. 40m. 6s, P. M., which was fast of Greenwich 3m. 20s. 


Noon was 8S. by W., going 8 knots. 


The Course until 


Required the Latitude at the time of the Altitude and at Noon. 
Answer.—Latitude at 10h. 58m., or time of Altitude, was 50° 4’ N., and at Noon, 49° 56’ N 


Ques. 2d.—August 27th. The Latitude by Dead Reckoning was. 35° 30’ N., and Long. 75° W. An 
Altitude of the Sun was observed to be 63° 59’ S. at 20 minutes past Noon, apparent time at the place 


Ship renning to the Northward, going 9 knots. 


Required the Latitude as before. 


Ans.—Latitude at 20 minutes past Noon was 35° 27' N. Latitude at Noon, 35° 24'N. 


* When the Difference of Longitude made in time is East, it must be added to the Time by Watch. 


*® 
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TO FIND THE LATITUDE BY TWO ALTITUDES OF THE SUN, (USUALLY CALLED 
DOUBLE ALTITUDES,) 


rm 
| 


Having the Measured Interval of Time between the Observations by the Watch. 


This method will be found more simple and useful than the old and tedious methods of Double Altitudes 
usually given in works of this kind, many cases of which are of very doubtful utility, besides the time 
spent in working them out. 

The principle of this method is simply to find the Sun’s Hour Angle at the time the Altitude was 
observed, which was farthest from the Meridian, and to measure the interval of time elapsed between it 
and another Altitude observed near the Meridian, by a good Watch or Chronometer. This interval of 
time being then corrected for the Ship’s change of Longitude in time, and applied to the Outer Hour Angle, 
the difference between them is the Inner Hour Angle, and which is the Apparent Time from Noon. The 
observation then becomes the same as if only one Altitude had been observed, and the limits are the same 
as in the last case. 

The Time so found is only an approximation, because the Latitude is not known, but it is near enough 
for this purpose. And as every Navigator, now-a-days, is supposed to know how to find the time at Sea, 
nothing new is required to be learned. The Rule for finding the time at Sea is given at page 124. 


When both Altitudes are Observed in the Forenoon. 
RULE. | 


When the Sun is at a proper distance from the Meridian, or on the Prime Vertical, that is, when he bears nearly 
true East or West, take an Altitude, and note the time by a good-going Watch, or the Chronometer. Take another 
Altitude nearer Noon, about the limits given in Part 5th, Table XV, and note the time by the same Watch, and 
find the Interval of Time elapsed between the observations. 


Correct the lesser Altitude by Table IX. Compute the Latitude in by the Dead Reckoning at the time 
the lesser Altitude was observed, and also the Sun’s Declination, and find his Polar Distance. Then, with 
the true Altitude, Latitude, and Polar Distance, find the Sun’s Outer Hour Angle. If the Ship has been 
stationary during the Interval, or been sailing due North or South, no correction of the Interval is neces- 
sary. But if she has made Easting or Westing, then find the Departure the Ship has made in the Interval, 
from her true Course and Distance made good, and the corresponding Difference of Longitude. Turn this 
Difference of Longitude made into Time, by Table XXVI, and add it to the Interval if the Ship has been 
sailing East, or subtract it from the Interval if she has been sailing West, will give the correct Interval of 
Time between the observations; then the Difference between this corrected Interval, and the Sun’s Outer 
Hour Angle, will give the Inner Hour Angle, at the time the greater Altitude was observed, and the 
result is the Apparent Time from Noon. The Latitude is thence found in exactly the same manner as if 
only one Altitude had been observed near Noon. 


? 


When the Lesser Altitude is Observed Before and the Greater Altitude in the Afternoon. 


The Interval is found in the same manner, and the Outer Hour Angle subtracted from it, gives the Inner 
Hour Angle, which will be the Apparent Time past Noon at the Ship. 


When Both Altitudes are Observed in the Afternoon.* 


Take an Altitude near Noon, about the limits in Part 5th, Table XV, and another when the Sun is at a 
Distance from the Meridian, and find his Hour Angle as before, from which subtract the Interval, will give 
the Inner Hour Angle past Noon. 


When the Lesser Altitude 1s Observed After Noon, and the Greater Altitude Before Noon.* 


The Interval is found in the same manner, and the Outer Hour Angle subtracted from it, gives the Inner 
Hour Angle, which will be the Apparent Time from Noon, A. M., at the Ship. 

Hence it is easy to ascertain at once whether the observations have been made on the same, or on opposite 
sides of the Meridian, by comparing the Outer Hour Angle with the Interval of time between the obser- 
vations, If the Interval be less, they must have been taken on the same side, that is, both in the fore~ 
noon, or both in the afternoon. If greater, they must have been taken on opposite sides of the Meridian, that 
is, one Altitude has been taken in the forenoon and the other in the afternoon. 


* When both Altitudes are observed in the Afternoon, or the Greater Altitude before Noon, and the Lesser Alti- 
tude after Noon, the difference of Long. in time made in the interval, should be added to the interval, if the course 
has been Westerly, or subtracted from the interval, if the course has been Easterly. 


FINDING THE LATITUDE BY TWO ALTITUDES OF THE SUN. SF 


Examples of Finding the Latitude by two Altitudes of the Sun, 
(Usually called Double Altitudes.) 


EXAMPLE 1. 


April 1st, 1854, the Latitude in was 36° 48’ N., and the Long. 60° W. by Dead Reckoning. In the morning, at 'Th 
28m per Watch, the Sun's Observed Altitude was 20° 10’. Ship then sailed on a True S. E. course, going 9 knots 
an hour, until 11h 30m per Watch, when another Altitude of the Sun was observed to be 57° 28’S. Required the 
Latitude of the Ship at the time of the last Altitude, and at Noon. 


A ie H. M. : 

Observed Altitude L. Limb 20 10 Time of Lesser Altitude 7 28 Decl. in Table X....... 4°32'N 

Corr. Table IX........Add | 9 Time of Greater Alt.... 11 80 Cor. Ln.60° W.,T.XJ,Add 4 

True Altitude..... Pare Lo Interval of T. by watch. 4 2 Corr. Decl. Noon....... 4 36 

Latitude... ............ 86 48 Log. 0.09651 Rate of Sailing........ 9 k’s Cor. 4h 82’ before N. Sub. 4 

P, Distance............+.. 85 28 Log. 0.00136 Distance Sailed........ 86 m. Corr. Decl. at 7h 28m... 4 32N 

no aaa oes. 142 35 90 0 

$Sum..... = ge Aa 71 18 Log. 4.50598 Polar Distance.......... 85°28’ 

True Altitude............. 2019 

big At pe ee 50 59 Log. 4.89040 Course S. E. 86 m., Dep. 25.5, D. Long. 82’ in time.0h 2m 88 Add 

Outer Hour Angle..... 4h 31m 41s = 9.49425 Interval of Time by Watch.................... ape aN 
Correct Interval....... 4 4 8 Correct Interval of Time....... ele a's ss ead eae .. 4b 4m 8s 

Inner H. Angle, A.M.. 27m 33s Log. 7.555 Part 1st 

Lat. 364° N., Decl 44° N........ Log. 0.481 Part 2d. 


Corr. in Part 4th.....Add 0° 37’== Log. 8.086 Table XV. 
Greater Altitude......... 57 28 


Meridian Altitude....... 58° 5’ 8, Course 8. E,, Dist. in 27 min. 4 miles gives D. Lat. to Noon 0° .8’ §, 
Morr table DX 6... 5 ‘11 Latitude at.2im) before Noon, 2. vie oa: cies bo pinta atte 36 20 N. 
True Central Altitude... 58° 16'S. Et tae RU NOON cc cw b done ehaleiercloiettels 4c eeare temas tela 86° 17’ N. 
From 90° Zen. Dist..... 81 44’ N. 
iaeeeneck Noo). .5.... 4 86 N. The Watch in this case was 2m 2's fast at time of Greater Altitude. 
MUMCITUM is bc a's dec 0 oss o 86° 20’ N. at 27 minutes before Noon. 

EXAMPLE 2. 


15th March, 1854, In Latitude 44° 42’ N, and Long. 50° W. by Dead Reckoning. In the morning at 9h 10m per 
Watch, the Sun’s Observed Altitude was 25° 8’. Ship then sailed on a True’ W.S. W. course, going 8 knots an 
hour, until 1h 11m, per Watch, in the afternoon, when the Sun’s Observed Altitude was 42° 30'S. Required the 
Latitude in at the time of the P. M. Altitude, and also at Noor. . 


5 H. M. A 

Observed Altitude L. Limb 25. 8° Time of Lesser Altitude 9 10. Decl. in Table X........ 2°98. 
Corr. Table IX........Add 10 Time of Greater Alt. Lh 13 11 Corr. Lon. 50° W....Sub. 8 
True Altitude. .........- 25 18 1lm add 12h=—...... Deel. at Noon.......... 2: 6 
MsAtiGd eS. visita gise's os eee 44 42 Log. 014825 Interval of T. by watch.. 4 1 Corr. 3h before Noon Add. — 8 
Polar Distance............ 92 9 Log. 0.00081 Rate of Sailing........ _8 ks. Decl. at 9h A.M........ 2 9 
BoM ses ae eky ole Ue ew 162 9 Distance sailed......... 32m. 3.059040 
HASTY «Ses 6c ctor Pap einge a dic 5 81 5 Log. 4.19033 Polar Distance......... 92° 9! 
A Ttude.!. ...2 setae «eee 2D 18 
Difference. .....++.+++:.. 55 47 Log. 4.91746 | Pah W. ou 32 miles t on 2m 628 Sub 
Outer Hour Angle..... 3h 21m 68 = 9.25635 ep. 80 == D. Lon. in time. 
Correct Interval....... 3 58 8 Interval of Time by watch....4 1 0 
Inner Hour Angle..... 37m 2s Log. 7.818 Part Ist. Correct Interval of Time.....3h 58m 88: 
Latitude 444° N. Decl. 2°S........ Log. 0.293 Part 3d. 
Corr. Part 4th........Add 0° 44’ Log. 8.106 Table XV. 
Greater Altitude.......... 42 30 ; 
Meridian Altitude........ 48° 14'S ' Course W. S. W. 5 miles since Noon D. Lat. 0° Q’ 
Corr. Table IX....... Add 11 Latitude at 37m past Noon.......... ose 44 380 
True Central Altitude. .... 43° 25° 8. Latitude in at Noon....... 0 cha Wieea ata oo 44° 82’ N. 
Sub. from 90° Zenith Dist.. 46° 35’ N. 
Decl. Noon 2° 6’, Corr. for } 9 <BR =a 

Bimousubalileihys. ss» «5 ’ The Watch in this case was 88m 58s fast at the time of the Greater Altitude 


Urn dene hy . 44° 30’ N. at 37 minutes past Noon. r 


Nore. In the 1st Example, 10 miles of an error in the Latitude, in working the Hour Angle, would produce an error 
in the time of about 9 seconds, and which does not affect the Corr. for Altitude. 

In the 2d Example, 10 miles of an error in the Latitude, in working the Hour Angle, would produce an error of 45 
seconds in the time from Noon, and an error of only 1’ 80” in the Correction for Altitude. 
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FINDING THE LATITUDE BY TWO ALTITUDES OF THE SUN, 
(Usually called Double Altitudes.) 


EXAMPLE 3. 


Nov. 80th, 1854, Ship off Cape Horn, in Latitude 56° S., Long. 80° W., by the Dead Reckoning. In the after- 
noon, at Oh 36m 52s, per Watch, the Observed Altitude of the Sun was 54° 49' N. Ship then sailed on a True N, 
W. by W. Course, going 10 knots an hour, until 4h 47m 41 sec., by the same Watch, when the Sun’s Observed Alti- 
tude was 26° 38’. Required the Latitude at the time of the Greater Altitude, and at Noon. 


H. M. S. 


Lesser Altitude Observed.. 26 38 Time of Lesser Alt. 4417 41 Sun’s Decl. Nov. 80,...... 21 40 8. 
Corr. Table IX........Add 10 by Watch...... Cor. Ln. 80° W. Tab. XI Add 2 
True Altitude.........+. 26 48 Time of Greater Alt. 0 86 52 Decl. at Noon............ 21428, 
Latitude by Dead Reck.... 55 38 Log. 0.24835 Interval Time by W. 4 10 49 Cor. for 4h47m past Noon Add 2 
Polar Distance.........-- 68 16 Log. 0.03202 Says’. bl clen etal 4+ hours Decl. Time of Lesser Alt.. 21 44 S. 
Sum!) cohv ote na see 150 42 Rate of Sailing...... 10 knots 90 0 
$.Sum. oe... ses Se ote etacats 75 21 Log. 4.40297 Distance Sailed... .42 miles. Polar Distance........... 68°16 
Difference. /.....-..0%0s- 48 33 Log. 4.87479 

Outer Hour Angle... ....4h 55m 41s = 9.55813 Course N. W. by W. 42 miles). ,. 

Correct Interval.........4 15 1 Dep. 35 = D. Lon, = 63... in time. Add Oh 4m 12s 
Time past Noon........ 40m 40s Log. 7.895 Part Ist. Interval of Time by Watch........... -+- 4 10 49 
Lat. 56° S., Decl. 22° S...........: Log. 0.268 Part 2d. Correct Interval of Time........... Pe, ie sh 
Corr. Part 4th......Add 0° 50’ == Log. 8.163 Zable XV. 

Greater Alt. Observed.. 54 49 

MeridtAli ns ses 0 neces 55° 39’ N. Course N. W. by W. 7 miles, since Noon, gives = D. Lat. 0° 4’ 
Corr. Table IX......Add il Latitude in at 41m past Noon.,..... 00s. ees cascececess 55° 52 S. 
True Galata ues, «ces 55° 50’ N. .\ Latitode-inat Noon: Ue sce ecsssletunes cates Geena aaa 55° 56'S 


Zenith Distanee......... 84° 10'S. And the Watch in this case was 3m 48s slow, at the time of the Greater Al‘ 
Deel: at Noonk, 72.. bees: 91/42. S. 


Latitude: (5 <thia py a + 55° 52'S. at Oh 41m past Noon. 


_EXAMPLE 4 


August 10th, 1854, Ship off the Cape of Good Hope, in Latitude 88° 20’ S, and Long. 20° 10’ E. by the Dead 
Reckoning. At 11h 28m in the forenoon, the Sun’s Observed Altitude was 85° 2’ N. Ship then sailed due East, 
going 8 knot: until 4h 21m 29s in the afternoon, when the Sun’s Observed Altitude was 10° 8’. Required the 
Latitude in at the time of the A. M. Altitude, and also at Noon. 


° H. M. 8. - 

Lesser Altitude Observed... 10. 8. Time of Great Alt. 1128 0 Deel. Aug. 10th... <0... «« 15 37 N 
Corr. Table IX....... Add 7 by Watch... 3... Corr. 20° E. Long.. ..Add 1 
True Altitude............. 10 15 Time of Lesser Alt. { 16 21 99 Declination Noon........ “15 38 
Lat. Dead Reckoning..... 38 20 Log. 0.10545 421m 29s add 12h § Corr. for 4h 21m..... Sub. 3 
Polar Distance .......... 105 35 Log. 0.01627 Interval Time by W. 4 53 29 Decl, Time of Lesser Alt.. 15 35 
SEE a Aa 154 10 Say to aetna, 8 hourae 90 0 

STITT tetas ahs stein: 9a alin ace 6 . 77 5 Log. 4.34934 Rate of Sailing.... - 8 _ Polar Distance.......... 105°35" 
AMONG ee sa die ue's p's 10 15 Distance sailed..... 40 miles, 
Difference iee gon scar ass. + - _ 66 50 Log. 4.96349 Course True East 40 miles== D. Lon. 51' in time 0h 3m 24s Sub 
Outer Hour Angle..... 4h 11m 29s = 9.43455 Interval of Time by Watch................6. 4 568 29 
Correct Interval....... (460. " 5 Correct Interval of Time. 04.0.0. 0's casas . 4h 60m 53 
Time before Noon..... 38m 36s Log. 7.851 Part 1st 
Lat. 862. 6x, Daca nd Nee ue ie. | Log. 0.271 Part 3d t Table XV. 
Corr, Part 4th: 360.2 & Add 0° 46’ Log. 8.122 
Greater Altitude Observed. 35 2 Ship’s Course having been due East, she is on the same Parallel 
Meridian Altitude......... 35° 48’ N. of Latitude at Noon, 38° 23°, 
Corr. Table IX....... Add 11 
True Altitude. .........'. 85° 59’ N 
Zenith Distance. .......... 54° 1'S. In this case the Watch was 6m 36s fast at the time of the Greater Altatuae 
Deol Noon... ook 15 38 N. . 
PMtICUGe as ts ile 38° 23" S. at 11h 21m 24s in the forenoon. 


Norr.—In “peice 8d, the Lesser Altitude having been observed on the Prime Vertical, an error in the Latitude 
does not affect the Hour Angle. 

In Example 4th, an error.of 10’ in the Latitude would produce an error of 29 sec. in working tne Hour Angle, but 
which has little or no effect on the correction for Altitude 
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FINDING THE LATITUDE BY TWO ALTITUDES OF THE SUN. 


QUESTIONS FOR EXERCISE. 


Question 1st.—October 20th, 1854. Ship becalmed in Latitude 50° 9’ N., and Longitude 30° W., by 
Dead Reckoning. In the afternoon at Oh. 34m., per watch, the Sun’s observed Altitude, Lower Limb, was 
29° 5’ S., and at 2h. 46m. it was 19° 54’. Required the time from Noon, when the greater Altitude was 
observed, and the Latitude in. . 

Answer.—The time from Noon, when the greater Altitude was observed, is 0h. 28m. 46s., and the 
Latitude in at that time was 50° 3’ N. 


Ques. 2d.—February 25th, 1854. In Latitude 51° 2’ N., Longitude 45° W., by Dead Reckoning. In the 
afternoon, at Oh. 33m., the Altitude of the Sun’s Lower Limb was 28° 53’S. Ship then sailed to the East- 
ward 20 miles, and at 2h. 43m. P. M., it was 19° 44’. Required the error of the Watch, and the Latitude 
at the time of the greater Altitude. 

Ans.—The time from Noon, when the greater Altitude was observed, was 0h. 40m. 11s. Watch was 
4m. 11s. slow, and the Latitude in 51° 17’ N. 


Ques. 3d.—January 6th, 1854. In Latitude 58° 25’ S., and Longitude 138° E., (at Noon, by Dead Reck- 
oning.) At 11h, 2m., A. M., per watch, the Altitude of the Sun’s Lower Limb was 52° 13’ N. Ship then 
sailed on a S. S. W. + W. Course, (true,) going 8 knots an hour until 4h. 50m. P. M., when his Altitude 
was 28° 10’. Required the correct time from Noon, when the gteater Altitude was observed, the Latitude 
in at that time, and the Latitude at Noon, brought on by the Dead Reckoning. 

Ans.—The time from Noon, when the greater Altitude was observed, was 1h. 1m. 58s. A.M. Latitude 
in at that time 58° 30’ S. The Difference of Latitude made to Noon was 7’S., and the Latitude in at Noon 
was 58° 37'S. (In this case, at the time of the lesser Altitude, the Sun was on the Prime Vertical.) 


Ques. 4th—August 30th, 1854. In Latitude 12° 43’ S., and Longitude 93° W., Dead Reckoning, at 11h. 
45m. 12s., A. M., the observed Altitude of the Sun’s Lower Limb was 67° 44’ N. Ship sailed S. W. by W., 
going 4 knots an hour, until 1h. 15m. 12s., P. M., (both times being noted by the same watch,) when the 
Altitude was 62° 0’. Required the time from Noon, when the greater Altitude was observed, and the 
Latitude in. 

Ans.—The time from Noon was Oh. 20m. 22s., A. M., and the Latitude observed at that time was 
12° 32'S. 


Norr.—In Low Latitudes, the Lesser Altitude may be taken much nearer to Noon than in High Latitudes; because 
there the Sun’s motion is much quicker, and the ‘Time is more correctly found in Low Latitudes; but in all cases the 
Greater Altitude should be observed as near to Noon as the limits required in Part 5th, Table XV. 


Should there happen to be a very great difference between the Latitude so found, and that by the Dead 
Reckoning at the time of the greater Altitude, the Latitude used in finding the Outer Hour Angle must be 
corrected accordingly, and the case worked over again, and the Inner Hour Angle found anew, which will 
give the correct Latitude. 

In the above Examples the height of the eye is taken at 16 or 18 feet above the Sea level. 
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TO FIND THE LATITUDE FROM THE SUN’S CHANGE OF # UTITUDE. 


This Table contains the Sun’s Change of Altitude in One Minute of Time for every Degree of Latitude 


When on the Prime Vertical. 


; Change Change| Change Change 
‘| of Alt. i F : | Lat. of Alt. |48*| of Alt. Lat.) of Ait. U8 of Alt. 


51 
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9. 
9. 
9. 
8. 
8. 
8. 
8. 
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When the Sun, or any other heavenly body. is on the Prime Vertical, that is, when it bears true East or 
West, its change ‘of Altitude is then greatest. If its change of Altitude in one minute of time be then 
measured with a Sextant, to the nearest second, the Latitude corresponding to it will be found in the above 
Table. This method depends entirely upon the accuracy with which the change of Altitude is measured, 
and cannot be much depended on, even in High Latitudes, where the change of Altitude in one minute of 
time, between any two degrees, differ the most. ' 

It is merely given here to illustrate the subject. ‘The Table itself, however, will be found useful when 
we want to know the change of Altitude of any heavenly body when bearing East or West ; for instance, 
in observing Altitudes for Time, it may be used as a check on the difference of the observed Altitudes in a 
given time, and which should agree with the change of Altitude in one minute of time given in the above 
Table, according to the Latitude of the place of observation. 

But as the heavenly bodies only pass the Prime Vertical above the horizon when the Latitude of the 
place and the Declination of the body are of the same name, (as in the case of the Sun in the Summer time ) 
the change of Altitude will be slower when they are of contrary names, and in this case the quickest 
change will take place when the Altitude is from 5° to 10° above the horizon, but there are merit some 
one or other of the heavenly bodies on the Prime Vertical. which may be observed. 


To find the Latitude from the Change of the Sun’s Altitude in One Minute of Time. 


ro 


RULE, 


Observe with a Sextant an Altitude of the Sun, when he bears true East or West, and note the full minute by the ' 
Watch. Three minutes afterwards, observe another Altitude, at that exact time Divide the Difference of the 
Observed Altitudes by the number of minutes elapsed, will give the Change of Altitude in 1 minnte of time, with 
which enter the above Table, opposite to which will stand the Latitude ae ed. 


EXAMPLE 1, EXAMPLE 2. 


The Sun’s Change of Altitude in 1 minute, and his Required to find the Latitude by the Sun's Change of 
bearing East (passing the Meridian to the Southward) | Altitude in 1 minute of time, when on the Prime Ver- 
given. But neither the Declination nor the Latitude | tical, having passed the Meridian to the North of the 


by account known. Required the Latitude in. Observer. 
T. by Watch.. ae 20m: let Ale 214°-47° 20 T. by Watch.. 5h4m. Ist Alt..21° 6' 20’ 
do. do. .. 5 238 2d Alt..14 52 10 : ot 2a: do. s-6i47 2d Alt..20 87 23 
ee eee )34" 30” Diff of Alt. Bm. ..sceeeeee )28' 57” Diff. of Alt 
Sun’s Change of Alt. in 1 minute. 11’ 30’. Sun’s Change of Alt. in 1 minute. 9 39”" 


Which corresponds to Lat.. 40° 0’ N. in the Table. Which corresponds to Lat. .50° 0’ S. in the Table. 
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The Latitude may be found from the Meridian Altitude of the Moon, upon the same principle as that by 
the Sun. But as the Moon’s Declination chartges very rapidly, we must know the exact Greenwich date 
at which the Observation is made, in order to correct her Declination to that date. 

The Moon’s Declination is given in the large Nautical Almanacs for every hour of the day at Greenwich, 
and her change of Declination in seconds for every 10 minutes between the hours, so that the Correction 
can easily be computed. 

In the small Almanacs, it is only given for every Noon and Midnight at Greenwich, and we take the 
proportional part of her change in Declination, corresponding to the hours and’ minutes past the nearest 
Noon or Midnight, or enter Table XXIII with the Diff. in 12h at the side, and the time past Noon or Mid- 
night at the top, and take out the Correction. 

But if the Longitude of the Ship be not known, the correct Declination cannot be computed, consequently 
the Latitude cannot be found by the Moon. ; 

Ships, however, which carry good Chronometers, have their Longitude always tolerably correct ; hence, 
the Latitude found by the Moon, in that case, can be depended on, and is sufficiently near the truth for al] 
practical purposes. 

The Moon being nearer the Earth than any other heavenly body, her place in the heavens is greatly 
affected by Parallax ; that is, she always appears below her true place in the heavens, by the amount of 
her Parallax in Altitude. This Correction is given in Table XXV, (and which includes the correction for 
the Refraction of the Atmosphere), and is always additive to the Apparent Altitude. 

The Moon’s Semi-diameter and Horizontal Parallax is given in the Nautical Almanac for every Noon 
and Midnight at Greenwich, and are generally taken out for the nearest Noon or Midnight. corresponding 
to the Greenwich date of the Observation. 

When the Moon is in the Zenith, she is nearer to the observer than when in the Horizon, by the amount 
of the Earth’s Semi-diameter ; hence, her Diameter is augmented, or appears 16”’ larger than when in the 
Horizon. This Correction is given in Table VII, but is seldom used in the practice of finding the Latitude 
at Sea. 

The first thing required to be done is to find at what time the Moon passes the Meridian of Greenwich, 
in the Nautical Almanac, on the day before the Sea Date, and correct it to the time she passes the Merid- 
ian of the Ship ; because, as the Moon is constantly advancing to the Eastward in the Heavens, she will 
pass any Meridian to the Eastward of Greenwich sooner in the day, or a Meridian to the Westward later 
in the day, by a certain number of minutes. Therefore, in West Longitude we take out the Meridian 
passage on that,and the following day, but in East Longitude, on that and the preceding day, and take 
their difference, which is the daily variation of the Moon’s passing the Meridian: Enter Table XXII with 
the daily variation at the top, and the Longitude of the Ship in the side column, and at the angle of meet- 
ing will be the number of minutes required, which must be added to the time of her Meridian passage on 
the day before the Sea Date, if the Longitude be West, or subtracted, if East, will give the Mean Time of 
her passing the Meridian of the Ship. 

This correction may also be found by adding 2 minutes of time for every 15° of Longitude which the 
Ship is to the Westward of Greenwich, to the Mean Time of her passing the Meridian of Greenwich (by the 
Nautical Almanac), or subtracting the same when the Longitude is East, will give the Mean Time of her 
passage at the Ship. 

Here it may be remarked, that as the Watch is generally regulated to Apparent Time at Ship, and is 
referred to in ascertaining the time to begin the observation, these two times may differ as much as 16 
minutes sometimes, and the observation is frequently lost; that is, the Moon has passed the Meridian 
before the observation has been begun. To prevent this happening, take out the Equation of Time given 
in the Nautical Almanac, and apply it to the Mean Time of passing the Meridian at the Ship the contrary 
way to what is direeted in the precept at the head of the column for Apparent Time, and the result is the 
Apparent Time of her passing the Meridian at the Ship. Then if the Watch be regulated to Apparent 
Time at the Ship. it will show the exact time at which the Moon will pass the Meridian, because all the 
heavenly bodies pass the Meridian at Apparent Time. 


Having thus found the Mean Time of the Moon’s Meridian passage at the Ship, as directed above - 


2. To Find the Greenwich Date. 


Turn the Ship’s Rote into Time by Table XXVI, and add it to the above time, if the Longitude be 
West, or subtract it if the Longitude be East. The Sum or Difference will be the time at Greenwich 
(usually called the Greenwich Date) when the Moon passes the Meridian of the Ship. But should the 
sum exceed 24 hours, subtract 24 hours from it, and add one day to the Greenwich Date. On the other 
hand, when the Longitude is subtractive, and greater than the time of Passing the Meridian, add 24 hours 
to the latter, for the purpose of subtraction, and take one day from the Greenwich Date. 


3. To Correct the Semi-diameter and Horizontal Parallax 


From the Nautical Almanac take out the Moon’s Semi-diameter and Horizontal Parallax for the nearest 
Noon or Midnight corresponding to this Greenwich Date, and correct them if required by Table XXIV, 
and to the Moon’s Semi-diameter add her augmentation found in Table VII. (But this is seldom 
necessary.) 


% 4, To Find the Apparent Altitude. 


Add the Difference between the Moon's Semi-diameter and the Dip of the Horizon found in Table V to 
the Observed Altitude of her Lower Limb, or subtract their Sam if the Upper Limb be observed, will give 
the Moon’s Apparent Central Altitude. (See remarks on taking Altitudes at page 71.) 
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5. To Find the Moon’s True Altitude. 


Enter Table XXV with the Moon’s Horizontal Parallax at the top, and her Apparent Altitude at the 
side, and take out the Correction for her Parallax in Altitude, and which is always additive to her Apparent 
Altitude. P 


6. To Correct the Declination by the Large Nautical Almanac. 


To correct the Moon’s Declination, taken from the large Nautical Almanac, take out the Declination for 
the day and hour corresponding to the Greenwich Date. And when there are odd minutes, take out the 
Diff. of Declination in 10 minutes, found in the side column opposite, and which is expressed in seconds 
and hundred parts of a second; and when the hundredths are more than 50, call the seconds one more, 
but if less, throw them away. Multiply the seconds by the odd minutes, and strike off the right hand 
figure ; then divide by 60, will give the Correction in minutes and seconds. If the Declination is increasing, 
add this Correction, but if it be decreasing, subtract it. 


7. To Correct the Declination by the Small Nautical Almanac. 


To Correct the Moon’s Declination taken from the small Nautical Almanac, take out the Declination for 
the nearest Noon or Midnight, if the Greenwich Date be exactly at Noon or Midnight; but if not, take it 
out for the nearest Noon or Midnight preceding, and the nearest Noon or Midnight following, the Green- 
wich Date, and take their difference, which will be that for 12 hours. 

Enter Table XXIII with the,difference for 12 hours at the side, and the hour from Noon or Midnight at 
the top, and take out the Correction. If there are odd minutes, enter the right hand side of the table with 
the odd minutes at the top and the difference for 12 hours at the side, and take out the Correction. Add 
the Sum of these Corrections to the Declination at the preceding Noon or Midnight, if the Declination iv 
increasing, but subtract it if decreasing, will give the Moon’s correct Declination at the time of the obser 
vation. . 

But when the Declination, taken from the Nautical Almanac, for the preceding Hour or the Noon or Mid- 
night, is decreasing, and the correction subtractive exceeds it, the difference is the Declination of a contrary 
name. 


8. To Find the Latitude. 


Thus having the Moon’s Correct Altitude, and her Correct Declination, the Latitude is found by the 
same rule as for the Sun’s Meridian Altitude. That is: Subtract the True Altitude from 90°, will give 
the Zenith Distance of a contrary name to the Moon’s Bearing. Place the Correct Declination under it. 
Then if they are both North or both South, their Sum is the Latitude of that name; but if one be North 
and the other South, their difference is the Latitude of the same name as the greater of the two. 


EXAMPLE 1. 


July 12th, 1854, Sea Time, in the Longitude of 75° W., the Meridian Altitude of the Moon’s Lower Limb was 
observed to be 40° 35'S. Height of the eye 18 feet. Required the Latitude of the Ship. 


July 12th is July 11th, Astronomical Time. Mean Time of Mer. Pass. at Ship. ...14h 10m 


Moon’s Mer. Passage, July 11th,.......... 13h 58m Equa. of Time N. A. applied con. way Sub. 5 
On the following day, July 12th.......... 14 56 App. Time by Watch of Merid. Pass. 14h 5m 
Long. 75° W., and daily variation.......... | 58min Table XXII. Or at 2h 5m in the morning, 

Gives the Correction to be added......... Oh 12m 


To the Meridian Passage, July 1lth.......13 58 


Mean Time of the Mer. Passage at Ship...14h 10m 
Lion: TO. W I ter. well, bey ve ees » Add 5 0 


Greenwich Date, July 11th...............19h 10m 
Less 12h, gives the time past Midnight.... 7h 10m 


Moon’s Declination at Midnight, July 11th.. 21° 21’ S. 
Moon's Declination at Noon, July 12th.... 19 9 S. 


Diff. of Declination in 12 hours........... 2° 12’ and the 


Time from Midnight 7h 10m, ) oa 
in Table XXIU = Corr... p+++ Sub. 1° 18 


aistaiestre 21/7218: 
Correct Declination at time of Observation 20° 3’S 


Moon’s Hor. Parl. at Mid. July 11th....60’ 0” 


Observed Altitude Moon’s L. Limb 40° 35’ §, 
Semid. at Midnight 16’ ; 
Dip of the Horizon 4’ t Add ohn M 


Moon’s Apparent Altitude........ 40° 47’ 
Corr. for Alt. in Table XX V..Add 44 
Moon’s True Central Altitude..... 41° 31'S. 
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EXAMPLE 2. 


April 25th, 1854, Sea Time, in the Longitude of 80° East, the Meridian Altitude of the Moon’s Upper Limb was 
observed to be 67° 36’ N. Height of the eye 21 feet. Required the Latitude of the Ship. 


April 25th is April 24th, Astronomical Time. 


Moon’s Mer. Passage April 24th,............ 22h 48m 
* Long. 80° E., which, at the rate of Sub 10 
2m to every 15° = Corr........ aa 
Mean Time of the Mer. Pass. at Ship........ 22h 33m 
PoE RO la, 1 AYMB cg sae k.s4)< we 0 s\s<, 0900 Sub. 5 20_ 
Greenwich Date, April 24th................ 17h 138m 
Lvl Ws SAE yO EES Satara sees ale bt 12h 0 
Time past Midnight at Greenwich............ 5h 13 
Moon’s Decl. Midnight, April 24th,........... Oc SL 
Moon’s Decl. Noon, April 25tb,.......... 2... g .9'N, 
BEA eCIN ELA HOUR eden ec es keels tle oe 2° 53’ 
And time from Midnight 5h 13m in Table eAr 
Bee feo s5. 2... oe 


Declination at Midnight decreasing............0 51S. 
Correct. Decl. at the time of Observation....... 0° 24'N. 


Mean Time of passing the Mer. at Ship, .22h 83m 
Equa. of Time, N. A., applied contr’y way. Add 2 


—— 


App. Time of the Merid. passage......... 22h 35m 
DiG8B spo 6 Wed 6. 5 ccs ate Ashe cleisiw ae 9s aes 12 0 


App. time by Watch of the Mer. passage. .10h 85m A. M 
Moon’s Hor. Parl. at Midnight, April 24th.....57’ 0” 


Moon’s Obs. Altitude Upper Limb............ 67° 36’ N. 
Semid. Midnight. ..15’ 31’ 

Dip of the Horizon. 4 28 t Sub. the Sum..... ay 
Apps Altivades 02 8's ') <. sis sins cee ele SBS BARE 67° 16’ 
Corr. for Altitude, Table XXV...........-Add 22, 
Moon’s True Central Altitude. ............... 67° 38' N. 

ats 
ZENG Distance .. i. ania s's.ners ach scenes 22° 22'S 
Correct Declination... .......esccccee «veees OF PAN, 
Latitude in. ...... oe ae tee ee Go ute mani Gieeee c 2175858. 


* This Correction is found by adding 2 minutes of Time for every 15° of Longitude which the Ship is to the West- 
ward of Greenwich, to the time of her passage in the Nautical Almanac, or subtracting the same in East Longitude, 


will give the Mean Time of her passage at the Ship. 


Correction of the Declination (used in the above Examples), taken from the large Nautical Almanae 


EXAMPLE 1. 
. Decl. N. A., July 11, 19h.20° 4’ 44S. Diff. 10m 110.33 


Deel. Decreasing....Sub. 1 50 10m. 
Correct Declination. .....20° 2’ 54” S. 60)110.0 — 
Correction for 10 minutes. ..........ccccccecs 1’ 50” 


EXAMPLE 2. 
Deel. April 24, 17h....0° 21’ 3” N. Diff. 10m 144’.50 


Decl. Increasing...Add 8 8 13 
Correct Declination... ..0° 24’ 11” N. 60)188.5 
Correction for 10 minutes. ...... ..esceeecseoes 3’ 8” 


QUESTIONS FOR EXERCISE. 


Question 1.—April 5th, 1854, Sea Time, in Longitude 30° 44’ W., the Meridian Altitude of the Moon’s Upper 


Limb was 75° 15’ S. Height of the eye 18 feet 
Answer.— Latitude in 40° 58’ N. 


Required the Latitude of the Ship. 


¢ 


Question 2.—April 2d, 1854, Sea Time, the Observed Altitude of the Moon’s Lower Limb was 54° 39’ S. in Lon 


gitude 60° W. Required the Latitude in. 
Answer.—Latitude in 54° 31’ N, 


Question 3.—April 13th, 1854, Sea Time, the Observed Altitude of the Moon’s Upper Limb was 30° 20’ S, m 


[, ngitude 20° W. Required the Latitude in. 
énswer—Latitude in 54° 18’ N. 


~ 


ee -_ 
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TO FIND THE LATITUDE BY THE MERIDIAN ALTITUDE OF A PLANET. 


The Latitude may be found from the Meridian Altitude of the Planets upon the same principle as that 
by the Sun and Moon. 

Their Declinations are given in the Nautical Almanac for the Noon at Greenwich, for every day of the 
month throughout the year. 


When their Declinations change slowly, they may be taken out for the Noon of the day at once by inspec- 
tion. But when-there is a considerable change in their Declinations between the Noon of one day and the 
next, we must correct the Declination to the Greenwich time of Observation, in a similar manner as is done 
in the case of the Moon, except that their Meridian Passage is taken from the Nautical Almanac and used 
without being corrected, as the Mean Time of their passing the Meridian at Greenwich, is near enough for 
general practice at Sea. 

But to find the Apparent Time, or the Actual Time, they do pass the Meridian by the watch, (regulated 
to Apparent Time at Ship), the Equation of Time must be applied to the time of passage taken from the 
Nautical Almanac, the contrary way to what is directed in the precept at the head of the column for Equa 
tion of Time, in the same manner as it is done in the case of the Moon, so as the Observation may not be 
lost in consequence of being too late in beginning it. : 


To Find the Planets in the Heavens when on the Meridian. 


9 RULE. 


1. Find at what time a Planet will pass the Meridian in the Nautical Almanac, select one in preference 
which will be on the Meridian at twilight, because then the Horizon is distinctly visible ; or even when the 
Sun is several degrees above the Horizon, some of them may be observed, though invisible to the naked 
eye, and they are found as follows : ar 

Apply the Equation of Time, as before directed, to the Mean Time of their passage in the N. A., will 
vive the Apparent Time of their passage at the Ship, and the Watch must be previously regulated to 
Apparent Time, or its error known. 


2. Subtract the Latitude by Dead Reckoning from 90°, and the remainder will be the Co-Latitude. Take 
out the Declination of that Planet from the Nautical Almanac, which passes the Meridian at the proposed 
time. Then if the Co-Latitude and its Declination are of the same name, take their sum, but if of con- 
trary. names, take their difference, for the Meridian Altitude of the Planet. 

Now put this Computed Altitude on the Arch of the Sextant, and if in the day time, screw in the Inverting 
Telescope, (otherwise use the Direct one). and look towards the South point of the Horizon when the Latitude 
is North, and towards the North point of the Horizon when the Latitude is South, and the Planet will be 
distinetly seen, through the Telescope, on or near it. 

But when the Sum of the Co-Latitude and Declination exceed 90°, it must be subtracted from 180°, and 
the Planet must be looked for in the North point of the Horizon, in North Latitude, and in the South point 
of the Horizon ‘n South Latitude. 

Bring the Planet in contact with the Horizon, and when it attains its greatest Altitude, read off the 
Arch, and find the Latitude as follows : 


To Compute the Latitude from the Meridian Altitude of a Planet. 


“RULE 


Subtract the Sum of the Refraction and Dip, found in: Tables IV and V, from the Observed Altituae, 
will give the True Altitude, which, subtracted from 90°, gives the Zenith Distance of the contrary name to 
the Planet’s Bearing. Take from the N. A. the Declination, and correct it if required. Then, if the 
Zenith Distance and Declination are of the same name, their Sum, but if of contrary names, their Differ- 
ence. is the Latitude of the same name asthe ~reater of the two 


FINDING THE LATITUDE BY THE PLANETS 


TO COMPUTE THE MERIDIAN ALTITUDE OF THE PLANETS. 


EXAMPLE 1. 


January 2d,1854. Sea Time. Required the Apparent 
Time, and the Altitude at which the planet Venus will 

ass the Meridian. Ship off the Cape of Good Hope, in 
Datitade 34° 0’ S., and Longitude 18° 0’ E. 


M. Pas. N.A., Jan. Ist,3h.15m. M. Time at Greenwich. 
Equ. of Time,. .Sub. 4 
M. Pass. at Ship.... 3h.11m. App. Time P. M. 


M. Pas., N.A., Jan.1st, 3h.15m. Dec., N’n, Jan.lst, 13° 5/S. 
Lon.18° E.in T., Sub. 1 12 do. Jan. 2d, 1240 S. 


Guaeenwich Date... “9h. 3m. Change in 24h. ca 25! 
Lat. of Ship.... .384° 0'S. Pro, for 2h...Sub. 2’ 


90 0 Dece., Jan. Ist, 18° 5’ 
aes Let. BG. 08S; Cor. Dec.:.. 18° 38’ §. 
Dec. Venus..... 1 a OS 


Compu. Alt..... 69° 3’ of Venus at 3h. 11m. P.M. 


Put this Altitude on the Sextant and look towards the 
North point of the horizon, (the Latitude being South.) 


EXAMPLE’ 3, 


April 14th, 1854. Sea Time. Required the Apparent 
fime, and the Altitude at which the planet Jupiter will 
pass the Meridian, Ship on the Equator, in Longitude 
25° West. 


M. Pgs. N.A.,Ap.13th,18h.24:n, M. Time at Greenwich. 
Equ. of Time. . Sub, 1 


M. Pass. at Ship. . . .18b.23m., or 6h.23m, A. M. by Watch. 


M. Pass. April 13...18h.24m. Dee, April 13th, 21° 7’ 8. 
Lon.26°W. inT.,Add 1 40 do. April 14th, 21 6 S. 


Greenwich Date... 20h. 4m. Change of Dec.24h=1’ 
Pro. for 20h.Sub= 1 
Lat. of Ship 0°0’ Co-Lat. 90°0’ Dee, Ap.13, 21° 7 
Add Dee. of Jupiter.... 21 6 S. Cor. Dec... 21° 6’ 
a bee 
180 0 


Subtract from........ : 
Computed Altitude..... 
"Put this Altitude on the Sextant and look towards the 


South point of the horizon, (because the Declination is 
South.) 


68 °54' of Jupiter at6h.23’A.M. 


EXAMPLE 2. 


June 7th, 1854. Sea Time. Required the Apparent 
Time, and the Altitude at which the planet Mars will 
pass the Meridian. In Latitude 40° 20' N., and Long’ 
tude 75° West. 


M. Pas. June 6th, N.A..6h. 2m. M. Time at Greenwich 
Equa, of Time....Add 2 
M. Pass. at Ship.... 6h.4m. App. Time, P. M. 


M.Pass. N.A.June 6th, 6h.2m. Dee. June 6th, 7° 25’ N, 
Lon. 75° W.in T., Add 5 do. June 7th,7 18 
‘Greenwich Date... 11h.2m. Change in 24h... 12’ 
Lat. of Ship.... 40° 20’ N. Pro. for 11h..Sub, 5’ 

90 0O Dece:, June 6,..7° 25’ N. 
Co-Latitude..... 49° 40’N. Cor.Dec,.... 7° 20'N. 
Dec. of Mars.... 7 20 N, 


Computed Alt... 57° 0 of Mars at 6h. 4m. P. M. 


Put this Altitude on the Sextant and look towards the 
South point of the horizon, (the Latitude being North.) 


EXAMPLE 4. 


Feb. 2d, 1854. Sea Time. Required the Apparent 
Time, and the Altitude at which the planet Saturn will 
pass the Meridian in Latitude 30° 20’ N., and Longitude 
76° 30’ W. 

M. Pass. Feb. lst.. 6h.46m. M. Time at Greenwich. 
Equa. of Time..Sub. 14 


Mer. Pass. at Ship... 6h. 32m. App. Time, P.M. 


M. Pass. Feb. lst.... 6h 46m. Dece.,N.A., Fe.lst.17° 4'N 
Lon. 76° 30’ W.in T. 5 6 do. Feb.2d.17 4 N 
Greenwich Date... 11h.52m. No Cor. for Dec. required. 
Lat. of Ship. ...80° 20’ N. 
90 0 

Co-Latitude....59° 40’ N. 

Dee, of Saturn..17 4 N. 

Computed Alt.. 76°44’ of Saturn at 6h, 82m. P M. 


Put this Altitude on the Sextant, and look towards the 
South point of the horizon, (because the Lat. is North.) 


To find the Latitude from the Meridian Altitude of the Planets. 


EXAMPLE 1. 


Jan. 2d, 1854, Sea Time. The observed Altitude 
of the planet Venus was 69° 7’ N. in Longitude 18° East. 
Required the Latitude. 


Observed Altitude of Venus.....0..---+++ 69° TN. 
Dip 4. Ref. 0...... Mi til She titerste as ...-Sub.. 4 

Tine: Altitudes. . op cams caaniee A Neste ae Se ok COO Ns 
Fonith Distance ..-cccecseceucas coccsces 20° 57° S. 
Declination ......eee0% pecccecececeseces 13 8 8. 
(Ot Cr «oe ota pe eRe at caress 34° 0’ S. 


EXAMPLE 3. 


April 14th, 1854, Sea Time. The observea Altitude of 
Sirites was 68° 58’ S., in Longitude 25° West, Required 
the Latitude. 


Observed Altitude of Jupiter.......-. 2.» 68° 58'S. 
Dip 4, Ref. ie eeceeeeeeeeeeeeoeeoeee? Sub. oun 

True Altitude ....cpececcccnce ers Hae _ 68 ie 
Zenith Distance.. ee ee ee ee ee 91° 6 . 
Dechuation eaeteageoverceeeOteotecaserrd 21 6 S. 


Ship on the Equator. ....++++ee> A ey ye * 00° 0’ 


EXAMPLE 2. 


June 7th, 1854. SeaTime. The observed Altitude of 
Mars was 57° 4S, in Longitude 75° West. Required 
the Latitude. 


Observed Altitude of Mars.............06- 57° 4S, 

DipidiRetid soi ay wt Seba sch: Sub. 5 

True Altitude ....... NEN S Kd aOR 56° 59’ 

Zenith Distance. ..... MERE RG SeBe | ATi ae ee Oe 33° 1° N. 

Declination ; 7.03 oe. S 8 eels Canc cere ts Ota eOme 

Latitude’... 03 oes ote eces BORD eet Jo 40° 217K 
EXAMPLE 4. 


February 2d, 1854. Sea Time. The observed Altitude 
of Saturn was 76°48’ S., in Longitude 76° 30’ West 
Required the Latitude. 


Observed Altitude of Saturn 
Dip'4. Ref. 0 2.00... 


True Altitude. ........ 


Zenith Distance..... 
Declination ... 


Sialaciaicte'ein aighen ein NLD, 
eee ee Bree aereaeaee0 16°44’ § 


@eeeesneeseseo2 13°.16'N 
17 4N 
Latitude sakic.¢cares pe oat epeete 30° 20'N 


76° 48’ 3, 
4 


eeeeeveceen ees eeseeeereen eevee ee- 
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TO FIND THE LATITUDE BY THE MERIDIAN ALTITUDE OF A STAR. 


The Latitude may be found by the Meridian Altitude of a fixed Star, upon the same principle as that 
py the Sun. 


1. Table XIX contains the Right Ascensions and Declinations of 24 of the principal Fixed Stars, for the 
year 1854, and the annual variation or change of the same. So that this Table may serve for future 
years, by simply multiplying the number of years elapsed by the amount of the annual variation, and 
applying it according to the sign of addition (-++), or subtraction (—), to the Sums taken from the Table. 


2. To Find what Star will Pass the Meridian at any Given Hour of the Day, 


Enter Table XVIII, with the Day of the Month at the top, and follow down the column until we come 
to the required hour, opposite to which will stand the name of the Star. But as the Meridian passages in 
this Table are only given for every third day, should the day required be between those which are marked 
at the head of the column, take it out for the nearest day preceding the required day, and subtract 4 
minutes for each intermediate day. 

The times shown in this Table are only approximations, but are suiliciently near enough for the purpose 
of finding the Latitude by the Stars. 

By the assistance of this Table, the method of finding the Latitude by the Meridian Altitude of a Star 
will be greatly facilitated ; for when we know at what time, nearly, a Star will pass the Meridian, and 
the approximate Altitude at that time, there can be no difficulty in making the requisite observation te 
determine the Latitude. These opportunities occur frequently in the course of a clear night, and may be 
put in practice by any person otherwise unacquainted with the Stars in the heavens, by reference tu the 
Figures at pages 65 and 66, and the following Rules. 


3. To Compute the Meridian Altitude of a Star. 


Subtract the Latitude by Dead Reckoning, (at the proposed time of observation,) from 90°, wi'l give the corm 
plement of the Latitude, or Co-Latitude, of the place of observation. Take out the Star’s Decl*aation frow 
Table XIX, and correct it for the years elapsed since 1854. Then, if the Co-Latitude and its Deeimaiion are 
of the same name, take their Sum, but if of contrary names, take their Difference for the Meridian Aititude. 
and the Star will be found in the South part of the heavens when the Latitude is North, an2 in ths Nortu 
part when the Latitude is South. But when the Sum exceeds 90°, subtract it from 180° ; ~ne remainde, 
will be the Altitude, and the Star will be found in the North part of the heavens in Worta Uaticude, anc 
in the South part in South Latitude. (See remarks on taking Altitudes of the Stars, at pege 71.) 


4, To Find the Star from its Computed Altitude and Meridian Pazsige. 


Set the Index of the Quadrant to the Computed Altitude, and at a few minutes before the time of its 
Meridian passage, direct the sight towards the North or South points of the horizos, as shown above, and 
the reflected image of the Star will be perceived in the Horizon Glass, upon or near che horizon. which 
being brought in contact with it, and kept so until it arrives at its greatest, or Ieridian Altitude, the 
angle is then read off the Quadrant. 

There is not the least danger of mistaking the Star, as no other will have the some Meridian Altitude 
at that time. (See remarks at page 71.) 

The best time for observing Altitudes of Stars is at twilight, for then the horizoa is distinctly visible, 
and the Latitude may be found as correctly as by the Sun. But i in dark nights aa error of from 5 to 10 
miles in the Altitude may be made, in consequence of the obscurity of the horizon. ‘Y'o obviate this, the 
Latitude should be found from an Altitude of a Star to the Southward, and ansvuer to the Northw ard, 
and the half Sum of the two Latitudes thus found will be the correct one. ‘Y'lis will be further 
explained in the following Examples. 
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FINDING THE LATITUDE BY THE MERIDIAN ALTITUDE OF A STAR. 


The Meridian passages of the Stars shown in Table XVIII, being for Apparent Astronomical Time, 
which commences at Noon, one day before the Sea Day begins, and the hours are counted in succession 
throughout; so that when Sea Time is used, the Tables must be entered with the date one day less than 
Sea Time. . 

If Civil or Common Time is used, the hours less than 12 will be the time past Noon on that day (and 
which are the same as Astronomical Time.) But when the hours are greater than 12, subtract 12 hours 
from it, and it will be the time on the morning of the following Civil Day, and which commences at Mid- 
night. Because the Noon of the Civil Day, the beginning of. the Astronomical Day, and the end of the 
Sea Day, takes place at the same period of time. 


To Find the Stars in the Heavens from their Computed Altitude. - 


EXAMPLE 1, EXAMPLE 2. 


Feb. 28th, 1854, Sea Time, in Latitude by D. R. 40° 10’ March Ist, 1854, Sea Time, in Latitude by D. R. 38° 
N. Required what Star will be on the Meridian at twi- | 10’ N. apaned what Star will pass the Meridian at 
light in the evening, and its Computed Altitude. twilight in the morning, and its Computed Altitude. 


day less, or Feb. 27th, I find the Star Aldebaran will pass | day less, or February 28th, I find that the Star Antares 
at 5h 48m P. M. will pass on the 27th, at 17h 40m, from which I subtract 
Latitude by Dead Reck..40° 10’ N. 4 minutes, gives 17h 36m, and less 12h gives 5h 36m, the 
Subtract from...........90 0 time it passes in the morning. 


W-TIAMILIILG . 6 corn ces 0 49° 60’ N. Latitude by Dead Reck..... 88° 10’ N. 
Declination Table XIX...16 13 N. Subtract ea Sera Tre Benoa FF aor 0 

Computed Altitude......66° 3’. I now set the Index | Co-Latitude............... 51° 60’ N. 
of the Quadrant to this Altitude, and face towards the | Declination, Table XIX.... 26 6 8S. 


South, because the Latitude is North. Flatten down the 
Sight Vane, and using both eyes, the Star Aldebaran will 
be : distinctly geen upon, or near the Horizon. 


Computed Altitnde........ 25° 44’, Set the Index to 
this Altitude, and face towards South in North Latitude, 
and the Star*will be found as before. 


EXAMPLE 3. EXAMPLE 4. 

March 21st, 1854, Civil Time, in Latitude by D. R. 
‘0° 30'S. Required to find a Star in the evening at twi- 
light. 


In Table XVIII, I find that the Star Sirius passes 
the Meridian at 6h 34m P. A. 
Latitude by Dead Reck.. 0° 30'S. 


March 26th, 1854, Civil Time, in Latitude by D. R. 
30° 25'S. Required to find a Star in the morning twi- 
light. 


In Table XVIIT, I find that the Star Vega passes the 
Meridian at 18h 20m, on the 24th, from whieh I subtract 
8 minutes, gives 18h 12m, and less 12h gives 6h 12m, its 


Subtract from.....+.+++ 90 Boh passage in the morning. - 
Ca-Imeiade. > .4...%- << 89°°30:8. Latitule by Dead Reck.. 80° 25’ S. 
Declination, Table XIX.. 16 31 S. Subtract from.......... 90 O 
106° 1’ Co- Latitude. . . 59° 35'S 
Subtract from..........180 i°0! Declination T ‘able XIX). 88 389 N. 
Computed Altitude....... 73° 59’ towards the South. | Computed Altitude..... 20° 66’ towards the North. 
EXAMPLE 5. EXAMPLE 6 


June 22d, 1854, Sea Tine: Ship on or near the Equa-’ 
tor. Required at what Time nnd Altitude the foot Star 
of the Southern Crogs will pass the Meridian. 


May 2d, 1854, Sea Time, in Latitude by D. R. 20° 0’ 
N. Required at what Time and Altitude the Star Vega 
will pass the Meridian. 


On the Ist of May, by Table XVIII, Vega passes the 
Meridian at 15h 59m, or time by Watch at 3h 59m A. M. 
Latitude by Dead Reck.. 20° 0’ N. 


On the 21st June, by Table XVIII, it. passes the 
Meridian at 6h 21m in the evening. 


On referring to Table XVIII, and taking the date one On referring to Table XVIII, and taking the date one 
Latitude by Dead Reck.. 0° 0’ 


Subtract from...... cece) OUuew Gisel abitude. Geo. 90° RO 

Co-Latitude. . . 10° ON. Deelination, Table XIX.. 62 17 8S. 

Declination, Table XIX.. 38 38 39 N. Jomputed Altitude..... 27° 43’ towards the South, 
108° 39° ~ | beeause the Declination is South, The Cross always 

Subtract from.......... 180 0 | passes the Meridian erect. ° — : 

Computed Altitude..... 71° 21’ towards the North. | 


Nore.—When the Star’s Declination Subtractive is greater than the Co- Latitude, the Star is not above uh. e Bonin 
of the observer, 
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TO FIND THE LATITUDE BY ‘THE: MERIDIAN ALTITUDE OF A,STAR. 
: J cheesy x RULE. woda asia to Caz ni viene andy 
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ke thé sSuaanteed ene? ie the sss, peer the! Dip of ‘the Horizon;‘and the Reftaction( tilaens fest Tables 
IV and Y; or the Sum of these Corrections may be taken out at-once from Table XX, by. entering it with, the height 
of the. € e at thé’ top, ‘and the Observed Altitudé at theside and ithe: ‘Angle ‘of: meeting ‘is the required) Correetion, 


alwi .btractivefrom the Observed: Altitades will give the Star's 
Ridin Distance? They if Aho, aaa beats Bouts, mark, the Zenith 


Zenith Distance Southy « 


True; Altitude, whieh, ssubtr acted from. 90°, givus 
North; and if the Star, beara, Nonth, mark the 


Take out the Star's Declination’ an ‘Table XIX, ane Sercents “it for hace yeas elapsed 8 since 1854, aa before > ahown, 


and mark it North or South. 


Then, if the Zenith Distance and Deelination are of the same name, take their Sum, but if AR are of contrary 
names, take their Difference, for the Latitude, of the same name as the greater of the two. 
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EXAMPLE 1. 
_. Feb. 28th, 1854, Sea Time, at 5h 48m_ P. M., the Ob- | 
setved: “Altitude of the Star, Aldebaran wils 68" * Ss. 
on the Latitude,” 0! 
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Hels shit of ‘thé Ban 6 g Adak ‘ 
3 dots 
True. Altitude... HGS cadhl bak 68 ase. 

; "90. 0. 


Zenith Distance %..2i “AR... ..285876 ts | 
Declination, Table IK. Won eee. 118: Na 


Latitude Obserned.0 Qa-o F: 4 Beis 40" 20: 40° 10'N. atoh an? M. 


EXAMPLE) 8) |) 


March 21st, 1854, Civil Time, at 6h 34m P. M,, the Ob-. 
sérved Altitude of the Star Sirius was 74° 8' S. Height 
of eye 18 feet. Required thé Latitude. 


*'s Observed eatiae rhe 24" of Bios dork 
Corr, "Tabla XX. S225 3} Sub.° pes ear 
True Altitude. . ‘ BY a 


Zenith Diataiesh nd@sadh fade ae jE. SE 
Deelination, Table. pb ay desig re) 31. S.. 


-Latatnde : Observed... sink oladaid efi OF B/Ssth sen ue 
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RAMEE 8, | spac tang | 


served ‘Altitude of am Star eect: was 7 1° 26! N. Height 
of the eye 20 feet. Required the Latitude. 


¥'s Observed Altitude o..(.2¢.71°26' Ny 


Corr., Table — ihe we eee slip aie 5 

Tite Altitude. . oe ot te O" éef bee 
Zenith bidbalg le eee Sp i ag eae aka 
Declination, Table XTX... ... 688-39 NL” hs 


Latitude Observed) <4 waite: 30" 120°» 0/1 Ns tah and: M. 
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| Rs Obser nea Altitude. 
|| Cort, Table XX re ee ‘Subs. al6nT of vein 


e's) Observed? ricer Ul. 


i ‘| Zenith Distance 42+ 6> steniey* fA? 69°, 


; ‘Trae Altitude. obstidad - xb 
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March 1st, 1854, San, ‘Time, at bh 86m A. M., the Ob 
‘served Altitude ofthe: Star. obcritAnescarRse Bb 80". a: Re- 
| goired: ‘the ‘Latitade,: a) od pe 1G Incl yr b A 


26° 50! 8. 78 


<a 


‘The Altitude.” 196° 44? a 12 do'L 10 x29 
7 r 90 0. iM ily fried 4 
40h 

Zenith Distance....... @-- «6k "i6" i 

Declination, Table XIX. 1267 6S. 


Latitude Observed. .»,; BBP “10".N. at sh 86m A. ‘ 
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March 26th, 1854, Civil Time, at 6h 12m A. M., the 
Observed Altitude of the Star Vega was 21° 2' WW. 


Height of the eye 16 feet. |/Required the Latitude. 


. ar° 2° N. I 


| Corts TableyX XX. wade of [rigpss! 


tS Cie 


i True Altitude.......... Rnb 2: pa . tidfuil 


43 eat al 
Declination, Table XIX. ake iat 89, N. 2 
Latitude Observed .% 4: is 30°). 25" & a0 sh 13m A, x 
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‘EXAMPLE 6. 


June 22d, 1854, Sea Time, at’ bh’ 2tin ‘P.M, the Ob- 
served ‘Alt. of the foot “Stat of ‘the Sdathein Ovdas' waa 
(27° 50’ S. Height of eye 25 feet. Required the Latitude. 


es Observed Altitude ..<...277.50' 8. 

Cort. Table Aocuc, sce c's st bed i 

MAG o peel be val 
‘Banith’ Distance !0.A. bynes ies" Ta Wats bovispod 244 
Declination, Table XIX. +n0t! BEN Biol orl) eancgy Miva 
beac the ARES D O° y’ at 6h 21m P. M 
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Quest. 1st. —Apri 24, 1854, Séa ‘Tine, what Star, and at what Time and Altitude wil it pass the: Meridia abit 


“Twilight { in the evening, in Latitude 42° 25' N. 


~ Answer—The Star Castor, April lst, at. 6h 43m, and its Meridian Altitude is Te 47° ao 


Quest. 2d.— April 2d, 1854, Sea Time, the Meridian Altitude of the Star Daatien was - observed m5 Ke 19° 49° S$, a 


6h 48m in the evening. Height of the eye 16 feet. 
adler Ta Gieite Observed 42° 27’ N. 


Required the Latitude. | 
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TO FIND THE LATITUDE BY THE MERIDIAN ALTITUDE OF THE POLE STAR. 


RULE. 


Correct the Observed Altitude for Dip and Refraction by Table XX. Take out the Pole Star’s Declination from 
Table XIX, and correct it for the years elapsed since 1854, and subtract ‘its Declination from 90°, will give its 
Polar Distanee ; then the Sum of the true Altitude and Polar Distance is the Latitude, when observed below the 
Pole, but the Difference between them is the Latitude when observed above it. . 

To find when the Pole Star passes the Meridian below the Pole, we add half the interval of its revolution, which 
is 11h. 58m., to the time at which it passes the Meridian above the Pole, found in Table XVIII, and subtract 24 
hours from it, if it exceeds that quantity yi 


EXAMPLE 1. EXAMPLE 2, 


July 2d, 1854. Sea Time. At 6h. 20m. in the even- July 21st, 1854. Sea Time. At 5h. 9m. inthe morm- 
ing the Meridian. Altitude of the Pole Star (below the | ing, the Meridian Altitude of the Pole Star (above the 
Pole) ywas oberved to be 43° 10’. Height of the eye, 20 | Pole) was observed to be 32° 28’. Height-of the eye, 16 
feet. Required the Latitude. feet. Required the Latitude. i hittaai 


eve XVIII, it passes the Merid. at 18h. 26m. A.M. | By Table XVIII, it passes the Merid, at 17h. 9m. A. M. 
Obs. Alt. Pole # . 48° 10’ Dec. Table XIX, 88° 32’ N. | Obs. Alt. Pole #..32° 28’ = Dee., Table XIX, 88°32’ N. 


Cor., Tab. XX.. Sub. 5 90 00 Cor., Tab. XX, Sub. 5 90 00 
poe Ale. S.. 8. 43° 6’ Polar Dist...... one True Alt........ 32° 23’ Polar Dist..... 1° 28" 
Polar Dist....Add 1 28 Polar Dist.. Sub, 1 28 


Latitude in. .... 44° 33’ N. Latitude in..... “BU° 55’ N. 


To Find the Latitude by the Pole Star at any Hour in the Night. 
RULE. 


To the Sun’s Right Ascension, taken from Table XIII, add the time since Noon, when the Altitude was observed. 
The Sum (rejecting 24 hours if it exceeds that quantity) will be the Right Ascension of the Meridian, with which 
enter Table X XI, and take out the correction, to be applied as directed in that Table, and the Sum, or remainder, 
will be the required Latitude. 


Remarks on Finding the Latitude by the North Pole Star. 


- This method of finding the Latitude by the Pole Star is only an approximation, and may deviate two or 
three miles from the truth; but from its extreme simplicity it is well adapted to the practice of Seamen, in 
cases where an error of a mile or two can be of no material consequence. 

If the time at the Ship is not known, that is, if the Watch has not been previously regulated at the time 
of the Altitude, the Apparent Time at Ship may be deduced from the Greenwich Time by Chronometer, 
by turning the Ship’s Longitude into time, and subtracting it in West Longitude, or adding it in East, will 
give the Mean Time at Ship, and the Equation of Time applied the contrary way, will give the Apparent 
Time at Ship. In general, a few minutes error in the time will not affect the result. Shi 


To Find the North Pole Star Itself 


The North Pole Star is easily found in the heavens, from the direction of the two large Stars in the coulter ’ 
of the Plough, that well-known constellation, which is perpetually wheeling round the Pole of the 
heavens, so that these two Stars, or Pointers, always point to the North Pole Star as acentre. The Pole 
Star itself is only a dim object, of the second or third magnitude, and it requires good silvered mirrors in the 
Quadrant to obtain a tolerable observation, and the glasses should be wiped clean before the observation is 
commenced. (See remarks on taking Altitudes of the Stars, page 71.) Esch e 


EXAMPEE 1. | EXAMPLE 2. 


January 21st, 1854. Sea Time. At Sh. 25m. P. M. February lith, 1854. Sea Time. The Greenwich 
the Altitude of the Polar Star was observed to be 88° 15’. | Time by Chronometer being 21h. 30m., in Longitude 60° 
Height of the eye, 18 feet. Required the Latitude. -O' W., an Altitude of the Pote Star was observed to be 
#’a Obs. Alt.....88°15’ App. Time at Ship. 8h. 25m, | 82°45’. Height of the eye, 20 feet. Required the’ Lat- 
Cor, Tab. XX,Sub. 5 Sun’sR.A.Jan2@%b,20 9 | itude. 


True Alt........88° 10’ R.A. Meridian. ...28h.34m. | 8 Obs. Alt... 32°45" Gr. T. by Chro.... 21h. 30m. 
Cor, Ta XXI,Sub.0 53 Less.............24 © +| Cor,Tab. XX,Sub. 6 Lon60° W.inT.Sub.4 0 


ke 87° 17‘ N. R.A. of Meridian... 4h. 34m.'| True Alt ‘pleas to 82°39' M. Time at Ship...i7h. 30m. 
‘ae “| Cor,Ta. XXL Add118 Eq. of Times. Sub. 15 


33h. 5}m. 
Loess. . BO She he le ee . 2th: : ) 


R.A. of Meridian. 14h, 51m: 


nas eee dee 
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FINDING THE LATITUDE BY THE MERIDIAN ALTITUDE OF TWO S8TAk» 


In the Northern Hemisphere. 


in the night time, as before observed, errors in the observed Altitudes of the Stars are liabte to be made 
~ im consequence of the obscurity of the horizon. 

But if we observe one Altitude of a Star to the Southward and another to the Northward, (and although 
they may both be in error, the one error will balance the other; that is, the Latitude found from the Alti- 
tude of both Stars may be erroneous, but if we add the two Latitudes together, their half Sum will be the 
correct Latitude. 


EXAMPLE, 


March 19th, 1854. Sea Time. At 10h. 10m. P. M, Apparent Time at Ship, the Meridian Altitude of the Stat 
Regulus was observed to be 64° 7’ South, and at the same time the Altitude of the Pole Star was 37° 57’ North 
Height of the eye, 18 feet. Required the Latitude. 


Obes. Alt. of the % Regulus. 64° 7/8.) Obs. Alt. Pole ¥.......... 87° 57’ App. Time at Ship...... 10h. 10m. 
Cor, Table XX..... Sub.. ~ 6 Cor, Table XX........Sub. 6 ~Sun'e R.A, March [8th.. 23h. 51 
Pyne cAle.c2ssG eet. 64° 92’ True Alte itt iio hoe ae ee sy bays 34h: 1m. 
Zenith Dist 00. ise 26° 68’ N, | Cor, Table XXI....... Add 1 2 240 
Dec., Table XIX........ 12 41’.N.| Lat, by Pole Star.:.....-. 38° 54’ R. A. of the Meridian.... 10h. 1m. 
Lat. by Regulus........ 38° 39’ N.| Lat. by Regulus.......... 38 39 

Suni’ scapes Coen eee Ji7° 83° 
The Altitudes were I}m. too great. | Correct Latitude ......... 88° 46’ 30” N. at 10h. 10m. P. M 


In the Southern Hemisphere. 


There are no Stars near the Pole which will answer the same purpose as the North Pole Star. Conse: 
quently, we have to observe the Meridian Altitudes of two Stars in opposite directions, but which do not 
pass the Meridian at the same period of time. (The difference of their Meridian passages is shown in Table 
XVIII.) So that the Altitude of the first Star observed must be reduced to the place where the second was 
observed, by applying the difference of Latitude the Ship has made in that interval of time, by the following 
simple Rule, and which is founded on the fact that when a Ship sails South she rises all the Stars in that 
direction, that is, their Meridian Altitudes increase, while those to the North gradually sink, that is, their 
Meridian Altitudes decrease; and in sailing North, those to the North are raised, while the Stars to the 
South decline, by a quantity equal to the Difference of Latitude she has made in a given time. 


RULE 


Enter the Traverse Table with the Course and Distance made good in the interval between the times of the Stars 
passing the Meridian, and take out the Difference of Latitude made in that interval, and apply it as follows: 


Ship sailing South. Altitude of the first Star observed, to the Southward, Add Difference of Latitude to it 


to the Northward, Sub. — do. do. from it. 
{ Bh. ‘ By to the Northward, Add do. do. to it. 
Ship sailing North. Altitude of the first Star observed, } +, the Southward, Sub. — do. do. _—_ from at 
EXAMPLE. 


March 18th, 1854. Sea Time. At12h. 50m. the Meridian Altitude of the foot Star of the Southern Cross was’ 
observed to be 61° 47’ South. Ship’s Course S. W., (true,) going 10 knots; and at 1h. 48m. the Meridian Altitude 
of Spica was 66° 35’ North. Required the Latitude. 


Mer. Pass. of the Cross....12b. 50m. First Obs Alt. S. Cross....61° 47'S. Obs. Alt. of Spica. .....:s 66° 35’ N. 


do... of Spica....... 13. 48m. Cor. for Diff. Lat.....Add. {| Cor, Table XX.... Sub.. 5 
Interval of time.......... Oh. 58m. Gases wt 61° pe True Alt eee ... 66° 80' 
Cor. Table XX..... u ; i Ss 30" 
Course S.W., Dist. 10, gives D.Lat.7’S. True Alt... ....cecceeees 61° 49" Deal Table XIX. RSE : 
Zenith Dist... .2..60de. 28° 1§ N. Latitude by Spica....... 33° 64'S. 
Deo; Zable X EM: ek 62 17 8. , 
Latitude by the S. Crogs.. 34° 6'S. 
do. by Spica........ 83 54 S. 
Sum..... ewe wakeecen 68° 0’ 
Correct Latitude........ 84° 0’ S. atlh. 48m. or time of the last Alt.tuae 


The Altitudes in this case have been too great by 6 mirtntes, and which is generally the case in observing 
Altitudes of Stars in the night time. 


STARS. 
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FINDING THE LATITUDE BY AN ALTITUDE OF A STAR OUT OF THE MERIDIAN. 


The Latitude may be found by an Altitude of a Star out of the Meridian, upon the same principle as 
the method given at page 94, by the Sun, using the Star’s Distance from the Meridian in the room of the 
time from Noon. 

And it is necessary, in this case, (in obtaining a correct result), to compute the Star’s Meridian passage, 
in the room of taking it from Table XVIII. 


RULE. 


Turn the Ship’s Longitude into Time, and add it in West Longitude, or subtract in East, to or from the Apparent 
Time of Observation, reckoned from the preceding Noon, will give the Greenwich Time, nearly. Or the Greenwich 
Time may be found at once from the Chronometer. Take out the Sun’s Right Ascension from the Nautical Almanae, 
one day less than the Sea Date, and correct it to the Greenwich Time by multiplying the difference for 1 hour by 
the time from Greenwich Noon, and add it to the Right Ascension at the preceding Noon, (because it is always 
increasing.) ‘Take out the Star's Right Ascension, and “correct it, if required. Then subtract the Sun’s Right Ascen- 
sion from the Star’s Right Ascension, (increasing the latter by 24 hours, if neccessary, for the purpose of eae 
and the remaiuder will be the correct Apparent Time of the Star's Meridian passage. 


The limits of the time from the Meridian passage of the Star, are the same as the time from Noon by 
the Sun, given in Part 5. Table XV, and the rules for using the Tables are the same as given at page 94. 

If the time of the Altitude of the Star is noted by the Watch, it must be previously regulated, or its 
error on Apparent Time known. 

The Chronometer may be used to find the Apparent Time of Observation, as at page 94. 


EXAMPLE 1. 4 EXAMPLE 2. 


Feb. 28th, 1854, Sea Time, in Latitude by Dead Reck- 
oning, about 40° 10’ N., and Longitude 60° W., at 6h 5m 
P. M., the Observed Altitude of the Star Aldebaran was 
65° 43’ S.; height of the eve 18 feet; the Watch show- 
ing the correet Apparent Time. Required the Latitude. 


Feb. 27th, the Sun’s R. A., N. A. Noon..... 22h 40m 59s 
Time of Obs. 6h 5m Change of R. A. in 1 30 
Long.60° W. 4 0 Ih=9%s X 10h= 
Green. Date. 10h 5m ©’s Correct. R. A...22h 42m 298 
%*’s R. A. 4h 27m 32s 
Increased by 24h... are 28.27 82 
# Aldebaran’s Mer. Passage.............. bh 45m 3s 
Apparent Time of Observation............6 5 0 
Time past the Meridian. ............04 00 ~ 19m 57s 
* Past the Meridian 19m 5%s 
OEMs MORI E te Meese eee es 6s Log. 7.279 
Lat. 40° N., #’s Decl. 16s N, Tabl 
Se he ea t Log. 0.559 f Table XV. 


Corr. for Altitude...Add 0° 24’ Log. 7.838 
%’s Obs. Altitude. .....65 43 

Meridian Altitude..... 66""" 7° &. 
Corr., Table XX. ..Sub. 5 
True Altitude. ........66° 9! 


Zenith Distance. ..... ..23° 58’ N. 
Declination........... 16s css N. 


Latitude in. . .40° 11’ N. at Ch 5m ¥ M. 


Time before Mer. Pass. 89m 32s 


March 22d 1854, Sea Time, in Latitude by Dead Reck- 
oning about 38° N., and Longitude 45° W., an Altitude 
of the Star Sirius was observed to be 84° 36’ S., when 
the Greenwich Time by Chro. was 9h 3m P. M: height 
of the eye 18 feet. Required the Latitude. 


March 21st, Sun’s R. Ascen., N. A., at Noon Oh 2m 65s 
G. Time of Obs. 9h 8m 0s Corr. for G. 0 1 21 
Long. 45° W. 3 (0 T.9h X 9s 
in time.... Os ’ hE 

an ©’sCor.R.A. Oh 8m 26s 
Mer. T. at Ship.¢h 38m 0s %#*'sR.Ascen. 6 88 48 
Equa of Time.Sub. 7 15 3s Mer. Pas. 6h 35m 178 
App. T. at. Ship 5h 55m 45s or T. of Obs. 5 55 45 


Time before passing the Meridian.......... 39m 326 


Pure Lo. a seu aes seins Log. 7.869 
Lat. 38° N., #'s Decl. 164° S Tab. XV 
Part 30 « «eis sins seeminpeip 6 cose Log. 0.268 


Corr. for Altitude. ...Add 0° 47' Log. 8.187 
*’s Observed Altitude. ..34 86 


Meridian Altitude. .......85° 23’ 8. 


Corr., Table XX.....Sub 5 
True Altitude.......... 35° 18° 
Zenith Distance. ........ 54° 42’ N, 


¥%’s Decl, Table XIX.. 
Latitude in. ........... 


#167318. 
.88° 11’ N. at 5h 56m P. M. 


The sanve iariele as Die worked with the Star’s Meridian Passage taken from Table XVIII. 


Mer. Passage of Aldebaran, Feb. 27, Tab. XVIII 5h 48m 
Time.of.. Observations. ...... 02+ séaslecee wea 28 
Time past the Meridian. .......0.60...0 dace 
# past the Mer. 17m Part Ist... Log. 7. 138 


Tat 40° N,, ¥#’s Decl. 16° N.. 
Part aes... Aileen b “1 f Log. 0.558 0.559 (Table XY. 


_ Corr. for Altitude 17’.......... Log. 7.697 


Mer. Passage of Sirius, March al, Table XVIII.6h 84m 
Time of ObeGrvation... 7.6... vsdeececa etwas 5 56 

Time before passing the Meridian.............. 
Time before Mer, 88m Part Ist...Log. 7 856 
Lat. 38° N., Decl. 164° S. Part.3d. Log. 0.266 + Table XV 


Corr. -for Altitude 44’ , .. «Log. 8.102. 


' Hence an error of nearly 3 minutes of time in the Meridian Passage of Aldebaran would produce an 


error of 7’ in the Correction for Altitude. 


And an error of 1m 32s of time in the Meridian Passage of Sirius would produce an error te 3’ in the 


Correction “r Altitude. 
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FINDING THE LATITUDE BY AN ALTITUDE OF A STAR OUT OF THE MERIDIAN. 


As the Parts 2d and 3d of Table XV are only calculated for objects whose Declinations do not exceed 
25°; therefore, when the Declination of a Star exceeds that quantity, the Logarithm of the Latitude and 
Declination must be computed as follows: 


RULE. 


Compute the Meridian Altitude of the body by adding its Declination to the Co-Latitude, when they are of ine 
same name, or taking their Difference when of contrary names. Enter Table XXVIII with the Latitude and the 
Declination, (as if they were Half Sums), and take out three figures of these Logarithms with their Indices, Enter 
Table XXVII, with the Meridian Altitude, (as a Latitude), and take out its Logarithm in like manner, and write 
under it the constant Logarithm 0.301. Add these four Logarithms together, and their Sum (rejecting 10’s in the 


Index), will be the Logarithm of the Latitude and Declination required. 


EXAMPLE 1. 


Required the Logarithm for Lat. 48° 30! N., and the 
Declination of the Star Castor 32° 12’ N. 


Latitude... ....48° 80’ N. as a half Sum....Log. 4.821 
Subtract from...90 0 (Table XXVIII) 
Co-Latitude.....41° 30’ N. 
¥#’s Decl........82 12 N.asa half Sum....Log. 4.927 
Mer. Altitude. .78° 42’ S. as a Lat., Table 

XXXVI. os. t Log. y.5Re 
Constant.... .. wete wip etela'b's eta! dabcti e's cake te vets Log. 0.301 
Required Computed. ...........00 ras’ e nts Log. 0.601 

EXAMPLE 8. 


March 81st, 1854, Sea Time, Latitude by Dead Reck- 
oniug 48° 80’ N., Long. 80° W., the Observed Altitude of 
the Star Castor was 78° 1’ S§., and the Greenwich Time 
by Chronometer 8h 28m 49s, Required the Latitude. 


March 80th, Sun’s R. A., in N. A., Noon.. Oh 34m 48s 
G. T. by Chro. 8h 28m 49s Cor. for G. T. 1 16 
Lon. 80° W. 2 0° Oo 8th X 96... 


in time.. ©’s Cor. R. A.. Oh 86m 48 
M. T. at Ship. 6h 28m 49s ¥#’s R. Ascen... 7 25 17 


Equa... .. Sub. 4 36 3's Mer. Pass... 6h 49m 138 
App. Time... 6h 24m 13s App. T. of Obs.. 6 24 18 
Time before the Meridian Passage......... 25m 0s 


%#’s Dist. fm. the Mer. 25m, Part 1st, Tab. XV. Log. 7.478 
Lat. 48° 30’ N., Decl. 32° 12’ N., Computed. . Log. 0.601 


Part 4th, Corr. for Altitude......Add 0° 41’ Log. 8.074 


%’s Observed Altitude. .........00- 737 
Meridian Altitude........... tigi 738° 4278. 
OPP LADO LAA. wn «sor weureley eS 4 
True Altitude....... a a raed B° 8S" 
Zenith Distance. ....... ales HUGS] BS HONK s. 
%’s Declination.......... Ss acatteoees 83 12 N : 


TDatiisde Observed:s occ soe oe 
At 6h 24m 13s P. M. 


EXAMPLE 65, 


Required the Logarithm for Latitude 10° 0’S.,, and 
the Declination of the Star Dubhe 62° 82' N. 


Latitude 10° 0’S. asa half Sum......... Log. 4.993 
Bub.fm. 90 0 


__ 


Co-Lat... 80° 0’ 8. 

Decl..... 62 82 N.asahalf Sum..........Log. 4.664 
Mer. Alt. 17° 28’ 8. as a Latitude. ...........Log. 0.021 
EMNMUS Gs so nce's'n secs hoes ne aVaswen4 .. Log.’ 0.801 


Required Computed........ ds nd £6016 ate co LORS SOTO 


| Lat. 88° 25’S., Decl. 62° 


EXAMPLE 2. 


Required the Log. for Lat. 38° 25'S, and the Deel. 
of the foot Star of the Cross 62° 17’ S. 


Latitude....... 38° 25’ S. as a half Sum... . Log. 4.894 

Sub. from...... 90 O (Table XXVIIL) 

Co-Latitude.... 51° 35’ S. 

Deck n. von aos €2 17. S. asa half Sum....Log. 4.667 
118° 62’ 


Subtract from...180 0 


Mer. Altitude.. 66° 8’ S. asa Lat., Table 

yew nini | | Log. aeee 
Constant... css close ps ess st seen Bele Log. 0.301 
Required Computed..........- woah is oeeter Log. 0.255 


EXAMPLE 4. 


Jan, 2d, 1854, Sea Time, in Lat. by Dead Reckoning 
88° 25’ S,, Long. 80° E,, the Obs. Alt. of the foot Star of 
the Southern Cross was 65° 41’ S., and the Greenwich 
Time by Chro. 16h 2m 40s. Required the Latitude. 


Jan. Ist, Sun’s R. A., in N.. A, Noon....... 18h 47m 6s 
G. T. by Chro..16h 2m 40s Cor. for G, T. 2 Ben 
Long. 80° E. t of O80 16h ¥ lls= a 

in time.... __ ©’sCor.R.A.18h 50m 2s 
M.T. at Ship..18h 2m 40s #'s R. A.... 
Equa. of T..Sub. 8 61 12h18m3l1s 


App. Time... .17h 58m 49s +b 7 eee 
*’s Mer. Pass..17h 28m 298 
App. T.of Obs.17 58 49 


Time past the Maridisn: <icauc' sane oe 80m 20s 


%’s Dist. from the Mer. 
30m 20s, Part let... f °°" "°°" - Log. 7.641 


86 18 381 


Table 


17’ 8 Computed Log. 0.255 XV. 
Corr. for Altitude....... Add 0° 27' Log. 7.896 


%’s Obs. Altitude........-- 65 41 


Meridian Altitude...........66° 
Corr, Table XX........Sub. 4 


True Altitude..........---66° 4’ 


Zenith Distance............ +28 N. 
Declination. .... ...eeees-- 62 17 8. 
8. 


Latitude Observed........ 38° 21' 
EXAMPLE 6. ‘ 
Required the Log. for Latitude 40° 27’ 8, and the 


| Declination of the Star Canopus 52° 37’ S. 


Latitude 40° 27’ S. asa half Bum...,.....Log. 488} 

Sub. fm.. 90 0 

Co-Lat.*.. 49° 38’ 8S. 

DecL..... 52 37 S.asa half Sum.........Log. 4.788 — 
102° 10’ 

Sub. fm..180 0° | | 

Mer. Alt. 77° 60’ S.as a Latitude... ...... 

Constant eee ese ee ees ee eeoereverreee® eee eeees 

Required Computed .........2eeceeee «+ LOg. 0.64] 
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[ ; iru ; . ° ‘ . > - .9 4 
eeeta. Wisse We)? eee Be eae > elsiomreric Any ep , revere TY alder FAA te eT] eee Pee ee Bee 
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FINDING THE LATITUDE BY TWO STARS, ONE OF THEM OUT OF THE MERIDIAN. — 


As before observed, a single Altitude of a’Star for Latitudé\‘on @ dark night at Sea, is always of a doubt 
fal character, in consequence of the obscurity of the horizon, but which may be remedied by observing two 
Stars on opposite sides of the Meridian, But as no two Stars pass the opposite Méridians ‘at’ the same period 
of time, the Ship may have changed her place in the, interval of ‘their passing, and a correction “must ‘be 
applied to the first Altitude, to reduce it to the place where, the second was observed, (an Example’ of which 
is given at page 110.) But when we want to find the Latitude at once from the Altitude of two Stars on 
opposite sides of the Meridian, we-observe..the. Meridian Altitude of one, and directly afterwards observe 
the Altitude of the other, (not on the Meridian,) and note the time by the Watch or the Chronometer, and 
reduce it, to,the Meridian, (asin the Examples on.the,preeeding page.) The limits, must be the same as 
that given in Part; 5th; Table XV. 55) 90) cole ad oO BGT no oslt aria ier lathe ee rn 


r ee 
felt kd whip led f fs 


axee 


Feb. 11th, Sun’s R. Ascen, N. A.....21b. 39m, 28s... Diff. for’ Ih. ». 98. 
Greenw’h Time by Chr..15h.34m. 20s. .Corr, for.Greenwich Time,, :..., Add 2 20 ..Green. Time .15$h, 


Long. 25°16’ W.in T... 1 41 4 gun's Correct R. Ascen.........0. 21h, 41m, 48s. 135 
Mean Time at Ship..« 18h 53m.16s. «4% Crose-Ri! A. 12h,1801.318. X24; 236 48.1182) woo od tou 
Equa. of T contrary; Subs: 14°18205°  3e— Meridia Passage’! aul 14h. 86ni. 448. sung du nevigdOs] od 

pp. Time‘at Ship+.'. 18h. 88m. 448. "Time of the Observation. 6.5. 498! BEN a4 0889 Siggne: 2m1.208 

e Time before Mer. Passage......... 58m. OSaer....: Log. 8.202" 

Mer. Obs. Alt. of &Spica:.' 60°:'34'N.°: Lats 40°'8.,"Dee:62°' 17S; computed ails. tv, wa Logi0.274 0% 
Cor, Table KINA nesoitel Ae) XC Gok Yor! et es Decide of lise ov wag! par gbuiiial silting Bate ado 
ROME eres. -- > GUT BO Obs AMIE SO Crosse eee cece cs erent 08 20 9 CURB Abie Wd 
Zenith Dist............. SOMSG) (SR Maoridy Aladin: shades oe ee “67° 58'S. 
DIRE SSDICR oh a) oa sins v's « 10. 24.8. Cor, Table RXq pw awye...ceeees Sub. thal 
Pee DV er opica:... 39° 54. So True Al eso... eS) cee Jee apes 67° 49° 
do by #8 Cropis5:s'240.1 162 Si Zenith Dist yodeal aed salu lide Bat TPMT oot 
Bum...... eet. edt. Qsot meted “Dee, 8. Cross YEG AES BE, AG BEY £62 TB) e'aook! i 
Oorrect Latitude ..... EOF OF BP Lat: Dy 8. Creda s,.. 228! FS ONS OES 10 eyatsigy 0 1 


March 2d, 1854." ‘SéaTirté,’' In Latitude, by Déad Reckoning: about 40° 30’’South,‘nhd Léngitude 75" 80” Haat, 
the Meridian Altitude ‘of thé Star ‘Sirius was observed ‘to be 66° 14” North, and :at the same timé>the Altitude of 
the Star Canopus was'77° 36’ South. Greenwich Time by'Chronometer, 8b. Om. 248.° Required the Latitude: 
908 09 © S Mareh Vet, ‘Sun's’ R.A. in NOAA. 29h: 48m. /80R0.6 0x DIR) for Uh.) 9% 
Gr. Time by Chro...)..28h. . Om..248, “Cor! for Greenwich Time i. «Add 8S 8 27 bb Green: Timeé.y. <4. 8h 
Lon. 75° 30° E. in time. -2.-.--- WCorbect R.Aseen!’. 62. 0) ie Doh aBan, Oe. gol Ooria sav Die 


Mean Time at Ship....28h, 2m.-24s, Canopus |R.A, 6h.20m.446, Add 24h.80 20 44 


Equa. of T., contrary, Sub. 12. 37 © @o, 6 Mer: Passage’... 2!) 7h. 81m. 47s. iyo 
App, Time at: Ship... 7h. 49m. 47s. Time*qf Obs. ;......seeecdeeess 7 49° 49 oes: (Table XV.) 
--‘Titie before Mer. Passage!!!) —*18m. 0s........... Log. 7.188 
Mer. Alt. of # Sirius. . 66° 14’ N, See'Example 6th, page 112,/0f Computing the.............. Log. 0.641 
Cor., Table XX . Su. 4 ‘ Correction for: Altitudé wo5 vi ecAdd 0°28’ .......... Log. 7.829 
Bearue Alt... 2. emits 66° 10 Obs. Alt. # Canopus... oie... P00... 17 36 S. 
Zenith Dist.......... 128° BO Bea) Mee AI. Os Yee th ese YA oneul ao... 77° 69" 
Teor ris .... ..:°. 16 alee ‘Cor;, Table XX... sussdaith sitvwicSub, 4 
Lat..Obe. by Sirius... 40° 21'S. “Ttue Alt. ............ gall Joos1e. 97° 60'S. 
do. by Canopus. 40 B2 Se Zenith Dist....... Mb sb 6 0d a's Wis tnty Sivas 12° 8’ N. 
= ae $)80° 53” ee ORO DUB is fo clergie t's ss «cance ec 52 37'S. 
Correct Latitude ... 40° 26'30"S, Lat. Obs. by WANODUB AS hak. os aso a 0's 40° 82’ S. 


_ _Norr.—The Ist Example given above is not a good case, as the time from the Meridian 
-ef the Part 5th, and an error in the time will considerably affect the result. ; 

When there is a choice of Stars, take the one whose Declination is of a contrar 

and which has a low Altitude, becanse it can be observed farthest from the Meri 

it the Jeast. In this case an error of 1 minute in the time would pr 

-Altitude ; and on reversing the case, that is, observing the C 

Altitude of Spica, an-error of 1 minute in time would produce 


passage exceeds the limits 


y name to the Latitude of the place, 
dian, and an error in the time affects 
oduce an error of 4 minutes in the correction for 
ross ou the Meridian, and finding the eorrection for the 
€ an error of 8 minutes in the correction for Altitude 
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F-ND.NG THE LATITUDE BY AN ALTITUDE OF THE MOON OUT OF THE MERIDIAN. 


The Latitude may be found by an Altitude of the Moon, taken either before or after she passes the 
Meridian, within the limits of Part 5th, Table XV, upon the same principle as that by the Sun and Stars, 


as follows : 
RULE. 


To Find the Apparent Time of the Observation. 


1. Note'the Greenwich Time by Chronometer, when the Altitude was observed. Turn the Ship’s Longitude inte 
Time. Subtract in West or add in East Longitude, will give the Mean Time at Ship. Apply the Equation of 
Time the contrary way to what is directed for Apparent Time in the column of the Nautical Almanae, aud we have 
the Apparent Time at Ship at which: the observation was made. 


To Find the Time of the Moon’s Meridian Passage. 


9. Take out the Moon’s Meridian Passage from the Nautical Almanae, against the day of the month, and correet 
it by Table XXII, which will give the Mean Time of her passing the Meridian of the Ship, to which apply the 
Equation of Time the contrary way, as above directed, and the result will be the Apparent Time of her passing the 
Meridian of the Ship. 


To Find the Moon’s Distance from the Meridian. 


3. Now take the difference between the Apparent Time of her passing the Meridian of the Ship and the Apparent 
Time of the Observation, with which enter Part 1st, Table XV, as a time from Noon, and take out its Logarithm. 


To Find the Correction for Altitude. 


4. Correct the Moon’s Declination, taken from the Nautical Almanac, to the Greenwich time of the observation by 
the Rules given at page 102, No.6, with which, and the Latitude by Dead Reckoning, proceed as before to find the 
Correction, (as in the case of the Sun and Stars,) to be added to the observed Altitude. The Latitude is then found 
in the usual way. 

Sometimes the Meridian Altitude of the Moon is lost, in consequence of being too late in beginning the 
observation. |The Latitude may, however, still be obtained as correctly as by the Meridian Altitude, by the above 
method, if the Longitude of the Ship can be ascertained within a few miles of the truth. 


EXAMPLE. 


Jone $d, 1854. SeaTime. In Latitude, by Dead Reckoning, 49° 25' North, and Longitude 45° W., the observed 
Altitude of the Moon’s Lower Limb was 56° 29’ South, before her Meridian passage, and the Greenwich time by 
Chronometer, 7h. 56m. 0s. Height of the eye, 24 feet. Required the Latitude of the Ship. 

D’s Dec. Noon, 18° 24’ N., June 2d. 
D’s Mer. Pas., June 2d, N.A., 5h. 21m. Green. Time by Chro... 7h. 56m. 0s. Midnight,.... 16 19 


June 3d,...-- 6 5 lLon45° W.intime... 3 0 0 Change in 12h, 2° 65° 

Tab.X XII, Lon45°W.,D.Varia. 44m. Mn. Time at Ship..... 4h. 56m. Os. G. T. from Noon, 8h. == 1° 29’ 
Gives the correction ... 5m. 0s, ©qua-of Time....Add 2-22 in Table XXIII... 
Mer. Pass, June 2d..... 5h.21m.0 App. Time of Obs..... 4h. 58m. 228, Dec, Noon, June 2d...... 18 24 
M Time of M:Pas. at Ship, 5h. 26m, 0s. App. Time of M. Pass. 5 28 22 )’s Cor Dec........... 17° 2/N. 
Equa. of T., contra. .Add 2 22 Moon's Dist. from Mer.. Oh. 380m. 0s. ......... Log. 7.631 t Tabl XV 
App. Time of Mer. Pas.. .5h. 28m. 22s, Lat. D. R. 49° 25’ N., Dec... 0° 17 N. ++++-+++s Log. .0.367 ). 

Ook /for: Alta oandl i Add 0 34 =m s+eseeees Log. 7.998 

Obs. Alt. )’s L. Limb... 56 29 S. 

Mer... Altivititeteideoes: GT? 1g! 

) ’s semid. 15, Dip 5, Add 10 

App. Alt. 2.2 7a rE 57° 13° 


Cor. for Hor. Par. 55’, Alt. ) 


57°, Table XXV,. Add ?- 79 
D 8 Trae Altiadeeee: 57° 42'S. 
Zenith Distance ........ 32° 18’ N. 
Correct Dee, 90.0% ee Wai aN. 


Lat, Observed... 6. ..0°%% 49° 20’N. at 5h..28m. P. M. 
QUESTIONS FOR EXERCISE. ! 


Question.— August 9th, 1854. Sea Time. In Latitude, by Dead Reckoning, about 56° 0'N orth, Longi 
tude 75° 30' West, the observed Altitude of the Moon’s Upper Limb was 14°41’ South, (about 1 hour past 
the Meridian.) The Greenwich Time by Chronometer being, August 8th, 18h. 52m. 30s. (Height of the 
eye, 18 feet.) .Required the Latitude. 

Answer.—Latitude 56° 10’ North. The Apparent Time of observation at Ship was 13h. 45m. 68. The 
Apparent Time of the Moon’s Meridian Passage. 12h. 45m. 6s., the Moon was 1 hour past the Meridian, 
and the Correction for Altitude, 1° 6’, and Meridian Altitude 15° 47’ South. 
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FINDING THE LATITUDE BY AN ALTITUDE OF A PLANET OUT OF THE MERIDIAN. 


The Latitude may be found by an Altitude of a Planet out of the Meridian, upon the 


same principle, 
and in a similar manner, 4s that by the Moon. Pa BAS 


RULE 


To Find the Apparent Time of Observation. 


1. Note the time by Chronometer, when the Altitude of the Planet was observed, and from which, deduce the 
Apparent Time of the Observation, as directed on the preceding page. 


To Find the Time of the Planet’s Passing the Meridian. 


2. Take out the Planet’s Meridian Passage from the Nautical Almanac, against the day of the month, as usual, 
and apply the Equation of Time the contrary way to what is directed for Apparent Time, in the column of the 
Nautical Almanac, which will give the Apparent Time of its passing the Meridian of the Ship. 


To Find its Distance from the Meridian. 


3. Now take the Difference between the Apparent Time of its passing the Meridian of the Ship, and the Appa- 
rent Time of the Observation will be the Planet’s Distam>- from the Meridian in time, the Logarithm of which find 
in Part Ist, Table XV. 


To Find the Correction for Altitude. 


4. From the Nautical Almanac take out the Planet’s Declination, and correct it to the Greenwich Time of the 
Observation, in a similar manner as at page 104, with which, and the Latitude by Dead Reckoning, take out the 
Logarithm from Parts 2d or 3d, Table XV. The Sum of these two Logarithms, in Part 4th, gives the Correction 
for the Altitude required, which is always additive. 

» 


EXAMPLE 1. 


Sept. 25th, 1854, Sea Time, in Latitude by Dead Reck. 
44° 25’ N., Longitude by Chronometer 65° W., an Alti- 
tude of the Planet Jupiter was observed to be 21° 52’ S. 
before the Mer. Passage), Greenwich Time by Chronome- 


ter, 10h 34m 16s, P.M. Height of the eye 18 feet. Re- | 
quired the Latitude. 
Sep. 24th, G. T. Mer. Pass. 
of Observation } eee Jupiter. Thiam. 308 
Long. 65° W. in 4 20 0 Equa.of T.Add 8 7 
Time... . ..Sub. ___ App. T. of ); i ou 
Mean T. at Ship... 6h 14m 163 Pass. tn ee 


Equa.of Time.Add 8 7 


App. T. at Ship. ...6h 22m 288 Deel. Jupiter. 22° 44’ S. 
App. T. of Passage.7 12 438 


Time before Mer.... 50m 20s Log. 8.078 ) Table 
Lat. 44° 4 N., Decl. 22° 44’ S........ Log. 0.156 § XV. 
Corr. for Altitude. ..... Add 0° 59’ = Log, 8.284 

Obs. Alt. of Jupiter........21 52 


Meridian Altitude........ 22° 51'S. 


Corr., Table XX. ....Sub. 6 

Teas Altitude. .:.c0s's 905 © 22° 45 

Zenith Distance... .......67° 15’ N. 

RIOUNALION. ..s «sted euees 22 44 S. 

Latitude ip..--.. PY tc 44° 31’ N. at 6h 23m P. M. 


EXAMPLE 2, 


Jan. 29th, 1854, Sea Time. in Latitude by Dead Reck- 
oning, 25° 10’ S., Long. by Chronometer 0° 0’ 0", an Alt 
of the Planet Saturn was observed to be 47°9! N., (past 
the Meridian), Greenwich Time by Chronometer 7h 31m 
38s, and the height of the eye 18 feet. Required the 
Latitude. 


Jan. 28th, G. T. of 
Observation. .. t rh Sim $26. Saturn: th im. 1s 


Long. in time......0 0 0 Equa.ofT.. 18 16 


Mean T. at Ship...7h 31m 3838 App. T. of 
Equa. of Time.Sub. 13 16 Passage 


aide Shine OP tah 18m 22s Decl. Saturn 17° 9° 


App. Time of Pass.6h 48m 28 


Time past Mer.... 30m 208 Log. 1.641 } Table 
Lati 25°83 Deel 1 'Ty igi Oih nwielers Log. 0.418 {| XV. 


Corr. for Altitude....... Add 0° 39" Log. 8.054 
Obs. Altitude of Saturn......47 9 Ny 


Meridian Altitude...........47° 48° 


Mer. Pass. 


t Gh 48m 2 


so ee eee 


Corr., Table XX... 50.405 Sub. 5 

TENS A Ttade sw Wor, we ataeae « 47° 43’ N. 

Zenith Distance.............42° 17’ 9. 

Declination% wwe tesa des As Lig san 

Reatitude th Wea. . ce oe ale « 25° 15’ 9. at Th 18m P. M 


Norr.—In all the preceding Examples, where the Chronometer is used in deducing the Apparent time at Ship, the 
Difference of Longitude the Ship has made in the interval between the time the Longitude by Chronometer was ascer- 
tained, and the time the Altitude of the body was observed for Latitude, must be applied, by the rules in Middle Lati- 
tude Sailing, in order to get as near as possible the correct Longitude of the Ship at the time the Altitude of the body 
was observed; bearing in mind that for every 1’ of error in the Longitude, there will be a corresponding error of 4 
seconds in time in deducing the Apparent Time at Ship from it. In general, when sights for Chronometers are taken 
both morning and afternoon, the error in the Ship’s Longitude, brought on by the Dead Reckoning, will rarely exceed 
miles. And it will be perceived that in thus finding the Latitude from bodies out of the Meridian, the Chronometer 
renders valuable assistance in finding the Apparent Time at Ship, at the time the Altitude was observed, when it would 
be difl.cult to get it otherwise. , 

Many of the foregoing Examples of finding the Latitude from the Meridian Altitude of the Stars, are given for Twi- 
‘ight, beeause the horizon is then distinctly visible, and the observation can be depended on. But it sometimes hap 

ens that there are no Stars on the Meridian at Twilight. In that case, if an Altitude be observed at Twilight, either 
before or after it passes the Meridian, and the time noted by Chronometer, the Latitude is found by the preceding rules 
as correctly as if its Meridian AHitude had been observed. In the two last Examples, the Planet Jupiter passed the 
Meridian after darkness had set in, but his Altitude was obtained in guod Twilight, 50 minutes before that time. Saturn 
had passed the Meridian in strong Sun-light, and 80 minutes afterwards, or as soon as he became visiblo, his Altitude 
was observed and the Latitude found.as above. £2 
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FINDING THE VARIATION OF THE COMPASS BY AN AMPLITUDE. 


An Amplitude means the Distance of any Heavenly body from the True East or West points of the 
Horizon at Rising or Setting, and is found by inspection in Table XXXV, by entering it with the Latitude 
of the Ship at the side, and the Declination of the body at the top, and at the angle of meeting will be the 
required Amplitude in degrees and minutes, to be called East in the morning and West in the evening, and 
towards the North or South, according as the Declination of the body is North or South, as the following 
figure will show : 


DIAGRAM 
Of an Amplitude in 45° North Latitude. 


Fig. 17. 


ZENITH 


RATIONAL 


34°20°S 


HORIZON 
34°20 N. 


This Figure represents the North Pole of the Heavens elevated above the Horizon equal to the La:itudé 


of the place, and the Celestial Equator at Right Angles to it. 


zon is called the Prime Vertical 


The line drawn perpendicular to the Hori- 


ircle, and which passes through the East and West points in the centre. 


The dotted Circles on each side of the Equator are the Sun’s Parallels of Declination North and South. 
The Circles from the Zenith passing through the Sun’s place in the Horizon, are called Amplitude Circles, 
and measure the Sun’s Amplitude or Distance from the East or West points of the Horizon. 

Hence, it will appear that the Sun and all the other Heavenly Bodies Rise and Set to the Northward of 
the East and West points, when their Declinations are North, and that they Rise and Set to the Southward 
of the East or West points when their Declinations are South. 


EXAMPLE 1. 


June 21st, 1854. Required the Sun’s True Amplitude 
at Rising and Setting, in Latitude 45° N. 


Answer.—The Sun’s Declination on the 21st of June is 
23° 28’ N., with which and the Latitude 45°, the true Am- 
pu is found in Table XXXV, at Rising, to be E. 34° 

‘'N., and at setting W. 34° 18’ N. 


EXAMPLE 3. 


March 21st, 1854. Required the Sun’s True Amplitude 
a Rising and Setting, in Latitude 45° N. 


, Answer—The Sun being on the Equator, his Declina- 
tion is 0"; he therefore Rises and Sets in the East and 
West points of the Horizon. 


Norz.—All heaven] 
‘True West point. 
tor, and their Bearing be ta 
West, there is no Magnetic Variation. 
the amount of Magnetic Variation Westerly. 
amount of Magnetic Variation Hasterly, 


which would furnish the Variation in the same manner. 


EXAMPLE 2. 


December 21st, 1854.. Required the Sun’s True Am- 
plitude at Rising and Setting, in Latitude 45° N. 


Answer.—The Sun’s Declination on the 21st of Dee 
is 23° 28’ S., with which and Latitude 45°, the True Am- 
plitude is found in Table XX XV, at Rising, to be E. 84° 
18’ S., and at Setting, W. 34° 18’ S. 


EXAMPLE 4. 


Sept. 21st, 1854. Required the Sun’s True Amplitude 
at Rising and Setting, in Latitude 45° N. 


Answer.—The Sun being on the Equator, his Declina 
tion is 0° ; he therefore Rises and Sets in the East and 
West points of the Horizon. 


y bodies whose Declinations are 0° 0’, Rise in the True East point of the horizon, and Set in the 
Henee, when the Sun’s or Moon’s Declination is 0° 0’, that is, when they are on the Celestial Eg .1a- 

ken by an Amplitude Compass, when Rising or Setting, if they bear by Compass Eas or 
But suppose the Sun was observed to Set by Compass W. 12° N., that would ve 
Or, suppose he was observed to Set 
and he would rise in the firat case E. 12° S., and in the second case, EK. 


est 12°S., that would be the 
12° N.. 
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FINDING THE VARIATION OF THE COMPASS BY AN AMPLITUDE. 


The manner of observing the bearing of the Sun, or other heavenly body, at rising or setting, by an 
Amplitude Compass, and other remarks connected with the observation, will be found at page 81. _ 

When the Magnetic Amplitude, or bearing of the body by the Compass, and the True Amplitude, 
are both on the same side of the East or West points, that is, when they are both North or both South, 
their difference is the Variation of the Compass. | 

But when one is North and the other South, their Sum is the Variation, and the following Diagram will 
show whether the Variation is Easterly or Westerly. 


DIAGRAM, 
Showing Easterly and Westerly Variation. 


Fie. 18.: 


ud 


EXAMPLE 2- 


SF, 


Tudge 


VARS 16°SIE 


5 


EXAMPLE 1. EXAMPLE 2. 


April 2d, 1854. In Latitude 88° 30’ North, Longi- Oct. 8th, 1854. In Latitude 40° South, Longitude 75° 


tude 52° West, the Sun was observed to Set by Compass 
W. 22° N. Required the Variation of the Compass. 
April 2d, Sun’s Declination 4° 55’ N. aud Lat. 38° 30’ N. 
In Table XXXV, gives the True Ampli...W. 6 23 N. 
Sun’s bearing by Compass at Setting..... W.22 ON. 
Marnenc Variation. ..:.......cesncsses 
or 14 points, (nearly,) Westerly. ° 


“15° 87’ W. 


West, the Sun was observed to Rise by Compass E. 9° 
N. Required the Variation of the Compass. 


Oct. 8th, Sun’s Declination 5° 52’ S. and Lat. 40° 0’S. 
In Table XXXV, gives the True Ampli. E. 7 61 8. 
Bearing by Compass at Rising......... Eo ON. 
Magnetic Variation .................. 16° 51’ E. 


or 1} points Easterly. 


Taking the 1st Example, and referring it to the above Figure, it will be perceived that both Amplitudes 
are to the North of the West Point, their difference is therefore the Variation; and looking towards the 
Sun’s bearing by the Compass, the true Amplitude is on the left of the Compass bearing; the variation is, 
therefore, Westerly. 

In the 2d Example, (and referring it to the same figure,) one Amplitude is on the North and the other 
on the South of the East Point, and their Sum is the variation. 

And looking towards the bearing of the Sun by Compass, the true Amplitude is to the right of the 
Compass bearing ; the variation is, therefore, Easterly. 

And in the 1st Example, if we make the Compass bearing coincide with the North point in the above 
Figure, the true Amplitude will then be on the West side of the North ; hence it is called Westerly varia- 
tion. And in the 2d Example, in like manner, the true Amplitude will be on the East side of the North ; 
kence it is called Easterly variation. 

In the above Examples the Latitude used is that brought on from Noon by Dead Reckoning,and the Sun’s 
Declination taken out for the nearest Noon, but if greater accuracy is required, the Declination must be ecor- 
rected to the time of the observation, by Table XI; but this is seldom necessary at Sea. 


QUESTIONS FOR EXERCISE. 


Question Ist.—July 3d, 1854. In Latitude 9° 36’ South, the Sun’s bearing by Compass at Rising was 
E.12° 42''N.. Required the Variation. 
Answer.—The True Amplitude is E. 23° 22’ N., and the Variation 10° 40’ Westerly. 


Question 2d.—Sept. 21st,1854. In Latitude 26° 32’ North, the Sun’s bearing by Compass at Setting 
was West 6° 15’ South. Required the Variation. 
daswer—The True Amplitude is W. 1° 7’ N.. and the Variation 7° 22’ Easterly. 
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FINDING THE VARIATION OF THE COMPASS FROM AN AZIMUTH. 


An Azimuth means an Angle at the Zenith, contained between the Meridian of the Observer and a Cirels 
ef Altitude passing through the body. 


DIAGRAM A 
Of an Azimuth in 383° North Latitude. 


Fic. 19. 


SUPPLEMENT 38°14 MEASURE OF THE AZIMUTH ANGLE }41° 


In this Figure the Sun’s True Altitude is 25°, his Declination 17° South, and the Latitude 38° 30’ Nort: ; 
and it will be perceived that the Co-Altitude, or the Sun’s distance from the Zenith, the Polar Distance, 
and the Co-Latitude are given, which form the three sides of an Oblique Spherical Triangle, to find the 
Angle of Azimuth at the Zenith, which is measured on the Horizon by a Circle of Altitude passing through 
the body, and cutting the Horizon at right angles. The Azimuth Angle in the above Figure is meas- 
ured from the North point of the Horizon, because the North Pole of the heavens is elevated, and it contains 
141° 46’; but for convenience’ sake its Supplement is generally used, that is, what it wants of 180°, and 
is reckoned from the opposite point of the Horizon. because the Sun is South of the observer in North Lati 
tude, and North of the observer in South Latitude. 


f RULE. 


Correet the Sun’s observed Altitude by Table IX. Correct the Sun’s Declination by Table XI, and find his Polar 
Distance by adding the Declination to 90°, when the Latitude and Declination are of contrary names, or taking the 
difference between it and 90° when they are of the same name. 

Then add together the Sun’s Polar Distance, his True Altitude, and the Latitude. Take half their Sum, and take 
the difference between the half Sum and the Polar Distance, which call the difference. 

Enter Table XX VII, and take out the Log. Secant of the Altitude, and also the Log. Secant of the Latitude. 
Enter Table XX VIII, and take out the Log. Co-Sine of the Half Sum and the Log. Co-Sine of the Difference. Add 
together these four Logs. and their Sum found in Table X XIX, will give an angle in time. Turn this into Degrees 
and Minutes by Table XX VI, which will be the Angle of Azimuth required. To be reckoned from the South in 
North Latitude, and from the North in South Latitude; towards the East in the morning, and towards the West in 
the afternoon. 


The Magnetic Azimuth having been observed by the Azimuth Compass, as directed at page 81, at the 
the time of taking the Altitude. Then the difference between the True Azimuth and the Magnetie 
Azimuth, (both of which being reckoned from the same Meridian,) is the Variation of the Compass when they 
are on the same side of the Meridian, that is, both East or both West; but when one is East and the other 
West, their Sum is the Variation . 


Finding the Variation at Noon. 


In High Latitudes, where the Sun’s Meridian Altitude is low, the variation may be found at Noon, from 
the Magnetic Azimuth observed. But to do this, it is necessary to have the watch previously regulated 
to Apparent Time at the Ship, so that the Sun’s Azimuth bearing may be observed at the instant the 
watch shows 12 o’clock ; because the Sun is then True South in North Latitude, and True North in South 
Latitude. And supposing the bearing by the Azimuth Compass to have been South also, there would in 
that case be no variation. On the other hand, if the bearing by the Azimuth Compass was S. 22° 30' W., 
then there would be that amount of Magnetic Variation Westerly ; but if the bearing by Azimuth Compass 
aad been S. 22° 30’ E., then there would be that amount of Magnetic Variation Easterly. 
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EXAMPLE 1. 
February 2d, 1854, Sea Time, in Latitude 38° 80’ N., Longitude 60° W., the Altitude of the Sun’s Lower Limb 
was observed to be 24° 50’, and his Magnetic Azimuth 8. 16° 0’ E,, at about 9h 0m in the forenoon, Height of the 
eye 18 feet. Required the Variation of the Compass. 


Sun’s Declination, February Ist, Table X.. 17° 6'S. Observed Altitude Sun’s Lower Limb.. 24° 50° 


Qorr, for Lon. 60° W., Table XI, Subt. 3) 4, 3 Cor tlable LXer ues eea en Add 10 
Corr. for Time before Noon, 2h 30m Add 2 Sun’s True Altitude.............000: 25° Of 
Sun’s Correet Declination..........2.... 17° 68'S. 
aedeetes 
Sunnie Polar: Distance. . |. ..0.secscceeees- DOT B. 
RTP LSC f'5 1a w! gia'w'n th: 01g 5a! G's) aw aieysee e's 25 Ow. aes Log. Secant 0.04272 
BUM E eel ein Gi he gale siw'siee vivseys see's os 88 80...............Log. Secant { Table mene Uh ee 
ee eee ee ee 170° 35° 
BRMURBOAONNNG esi eiciels oss c\ncu'e vices patron vitae es BETTS) se. 8 psee deals Log. Co-Sine t Table XXVUI ya 
EHURMEREIOOT fieeaia ss sev s wines nave ok DE aT. seer ne Log. Co-Sine ciclabs th besa 
Fig. 19, Supplement of the Angle in Time, 2h 32m 57s, Table XXIX...... Log 9.03050 _ 
Turned into space by Table X XVI, gives the True Azimuth. ............... S. 38° 14’ KE, 
Magnetic Azimuth......... S.16 O'%. 
Magnetic Variation...... Ne ek 22° 14’ Westerby. 
DIAGRAM, 
Showing Easterly and Westerly Variation. 
Fig. 20. 


In the above figure, (to the left), both Azimuths are on the same side of the Meridian, and their Differ 
ence is the Variation Westerly, because the True Azimuth is to the Left of the Magnetic Azimuth. 


EXAMPLE 2. 


April 16th, 1854, Sea ‘Time, in Latitude 40° N.. Longitude 120° W., the Observed Altitude of the Sun was 82° 15 
Magnetic Azimuth 8. 57° 22! W,, at about 3 P.M. Required the Variation. 


April 15th, Sun’s Declination.. Bia oi 9. -46' N; Sun’s Observed Altitude Lower Limb.... ....32° 15’ 
Corr., Leng. 120° W., Table XI, v Add 10 COEr ADO ee aor stg Tink WRI Ge qiald 3 Add 10 
Corr. for sh past Noon. . ig) ak tay Str ei Leu A LEACUCO buss Liners «55508. eres enters eae a6 
Sun’s Correct Deslinaian ba aied Bein le nie'é 9° 65’ 'N. 
| 900 
mere Polar Distance. ......ccscesspucseae OO 5 
Broereee Altitude... ..... 2. <b snaieeeaeeinn A SUAEA gia eh e-aie ae'w.6 se «'e ad sieves Log. Secant 0.07357 
PRIOR Mee Sa. ols cs os Ce swale ee eee RON RO Ot TU ra ie a a alas Log. Secant t Table XAVIT 0.11578 
oe ORR PR) on 152° 80 , 
Half Sum....... JU eels es oe winleleleeteloum eoee . 16° 15’ Ryd . Log. Co-Sine 4.37600 
MNMPERION PT, os SU es oe ee ER ERE Oe DOD oc Paine Bowtie Log. Co-Sine { Table XXVIN 4.99908 
. Angle in Time 4h'58m War Table ARIK So ee. ols Ps ae a ee Log. 9.56435 
Turned into space by Table XX VI, gives the True Azimuth............. S. 74° 33° W. 
Magnetic Azimuth.......... $.157° 22° W.: 
Magnetic Variation............ 17° 11' Easterly, 


seenuse on referring to the above figure on the right, we find the True Azimuth i to the Right of the veto 
Azirouth ; 


‘ 
s 
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EFFECT OF LOCAL ATTRACTION ON THE SHIP’S COMPASS. 


This is a very important matter for investigation, and should be attended to at the earliest possible oppor- 
tunity, because, In consequence of not knowing that Local Attraction existed on board, many vessels have 
been wrecked from that very cause. at 

There being large quantities of Iron now used in the construction of Ships, besides the quantities which 
they carry to and fro, and stowed in different parts of the vessel as cargo, renders every Ship liable to 
aave her Compasses deranged by Local Attraction. And the general effect which Iron, situated in the for- 
ward part of a vessel, has on the Compass, is to draw the North end of the Needle forward in North Lat- 
itude, and the South end of the Needle forward in South Latitude, and which the following Diegram will 
show ‘ 


DIAGRAM, 


Showing the Effect of Local Attraction. 


Fic. 21. 


SHIPS HEAD 


Je 


When. the Attracting. Force 1s Forward, 


In the above figure; the dotted line will show.the course intended to be steered, which in the one case ta 
East. But the North end of-the Needle being drawn forward from the effect of the Local Attraction, 
(caused by the Iron forward acting on it), the Ship is actually going E. by 8.; and in the other case, 
steering West. the North end of the Needle being drawn forward in like, manner, the Ship is actually going 
W. by S. , 

Now suppose the Ship to steer North, the North end of the Needle will point in the direction of the dis- 
turbing force, and which being then on the same line as the Magnetic Meridian, no Local Attraction will 
be perceptible. . 

Hence, when the Ship’s head is at North or South, little or no deviation will be found inthe Compass: but 
when her head is at East or West, or nearly so, the greatest deviation may be expected. The above figure is 
drawn for North Latitude, but by substituting South for North, it will answer for South Latitude. In that 
case, the South end of the Needle 1s drawn forward from the effect of Local Attraction, and in steering 
East, in the one case, the Ship would actually be going E. by N.; and in the other case, steering West. 
the Ship would actually be going W. by N. 


When the Attracting Force ts Abaft. 


We have «itherto been considering the case where the Attracting Force is situated forward in the vesse 
but it sometimes happens that it is situated abaft the Steering Compass, as in the case of some Steamships, 
where the Steering Apparatus is placed in the forward part of the vessel; and in this case, on referring to 
the figure in North Latitude steering East, the North end of the Needle is drawn aft, when the Ship would 
actually be going E. by N. Again, in steering West, the North end of the Needle being drawn aft, the 
Ship weald actually be going W. by N. 

‘a South Latitude, and supposing the disturbing force to be abaft the Compass, the South end of the 
Needte is drawn aft, and in steering East the Ship would be going E. by S., and in steering West, she 
‘would be goin: W. by S. 


Having thus shown the effect of Local Attraction on board Ship, the most practical remedy derived from 
xperience in this matter, is as follows ; 
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FINDING THE LOCAL ATTRACTION ON BOARD SHIPS AT SEA. # 


Contrivances to Counteract Local Attraction not to be Depended on. 


Many contrivances have been proposed to counteract the Local Attraction on board Ships where it 1s 
known to exist, but none of them can be depended upon under all circumstances ; especially in merchant 
vessels, where it is liable to vary at different times, and from the fact that the Poles of the Magnetic Needle 
change thei- attracting power on entering the Southern Hemisphere. 


Mode of Detecting Local Attraction. 


The simplest mode of detecting Local Attraction on the Ship’s Steering Compass at Sea, is to observe. 
an Amplitude, that is, to take the bearing of the Sun at rising, by it, as directed at page 81, and find the 
variation of the compass by the Rules given at page 116, at the time the Ship’s head is in a Northerly or 
Southerly direction by the Compass. Repeat the operation at Sunset, at the time the Ship’s head is in an 
Easterly or Westerly direction. Then, if the variations so found agree within one degree of each other, 
(allowing for a probable error in the observations,) it may be concluded that there is no Local Attraction 
of any consequence on board. 

» But if they do noi so agree, the difference will be the amount of the Local Attraction which exists on 
board. Always providing that the variation found when the Ship’s head was at North or South, agrees 
with that laid down on the newest Charts. 

By ascertaining the variation from bearings taken by the Steering Compass (or one situated near the 
Binnacle) with the Ships head in any given direction, we have the whole amount of the deviation of the 
Compass froin the true Meridian due to the course on which the vessel is then steering. This includes 
both Variation and Local At‘raction, and is the proper quantity to be allowed in correcting the course steered 
to a True Course. And when the course has been changed, the variation should again be found in like 
manner, and applied in the room of that taken from the Charts. 

Local Attraction may a!so be detected by the bearing of objects on the Land, when, after allowing the 
variation proper to the place, they do not agree with the True Bearings. The Steering Compass will also 
show Local Attraction when the Ship appears to sail within 5 points of the wind on the one tack, and 7 
points from the wind on the other. 


The Binnacle. 


“One Steering Compass only should be used, because when there are two near each other, the one attracts 
the other, and the Binnacle should be constructed so as to prevent improper substances (such as iron) being 
placed therein. 


On Fixing the Standard Compass as a Remedy 


- When Local Attraction is decidedly known to exist on board, the only proper remedy is to fix up a 
Standard Compass on some part of the vessel’s deck, which shall be free from all Local Attraction. This 
ean only be ascertained from actual trial, and in some Ships the Standard Compass requires to be raised 5 
or 6 feet. more'or less, above the deck. In general, the most convenient place for fixing it. ts on the Centre 
Line‘ of the Quarter Deck, where the true direction of the Ship’s head, or the bearing of the land, can at 
eny time be easily ascertained. Observations of Amplitudes or Azimuths should also be made with this 
Compass, if it be provided with proper sight-vanes, otherwise with the Azimuth Compass on its szte. 

The Course must be shaped by the Standard Compass, and when the Ship’s head is exactly in the proper 
direction by the:Standard Compass, note the direction of her head by the Steering one, and which will be 
the approximate Course required to steer by that Compass, in order to allow for the effect of the Local 

uitraction. and the difference between the two Compasses is the amount of the Local Attraction on board, 
(so long ‘as the Ship’s head continues in the same direction,) but on changing the Course this difference 
between the two Contpasses will be found to vary according as her head approaches to-or recedes from the 
Magnetic Meridian’ When the Ship’s head is at North or South they will be found to agree nearly, 
because the disturbing force is on the same line as the Magnetic Meridian, and the greatest difference will 
be found when her head is at East or West, as previously explained. Consequently, when it is required 
to change the Ship’s course, she is brought to her proper course by the Standard Compass, and the direction 
of ‘her ‘liead: then shown by the Steering one is the approximate course required:to steer. The correctness 
of the Standard Compass may be further verified by taking Amplitudes, &e., with the Ship’s head on all 
the points of the Compass ; then, if the variation so found agree with that assigned to the place of obser- 
vation; and with each other, the Compass is correct. All bearings should be taken with this Compass, 
and the courses made good by this Compass, when the Ship is close-hauled, must be entered on the Log 
Roard, mn the room of those by the Steering one. 
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FINDING THE TIME AT SEA 


It will be necessary here again to premise that there are three different modes of reckoning Time. ith 
respect to the commencement of the day, viz., Civil, Astronomical, and Nautical. 


The Civil Day, 


Which is that used by the generality of mankind, begins at Midnight ane ends at the Midnight following. 
[It is divided into two equai parts of twelve hours each. The first is marked A. M. signifying before Noon, 
and the latter P. M., or afternoon. 


The Astronomical Day 


Begins 12 hours after the Civil Day, that is, at Noon, or when the Sun’s centre is on the Meridian, and 
ends at the following Noon; and it is reckoned through the 24 hours, from Noon to Noon; and what are 
called the morning hours of the common day are by Astronomers reckoned in succession from 12, or mid- 
night, to 24 hours. So that 8 o’clock on the morning of June 5th, Civi] Time, is by Astronomers called 
June 4th, ai 20 hours. 


The Nautical, or Sea Day 


Commences at Noon, or 12 hours before the Civil Day, and 24 hours before the Astronomical day, and 
ends at the Noon of the Civil Day. and at the beginning of the Astronomical Day, It is divided into two 
parts of 12 hours each; the former being marked "P. M. and the latter A. M., so that occurrences whicn 
happened, for instance, on Sunday, the 10th, afternoon, Civil Time, are entered in the Log as Monday, the 
11th, P. M. 

Hence it appears that the Noon of the Civil Day, the Beginning of the Astronomical Day, and the End 
of the Nautical Day take place at the same period of time. 

Time, as inferred from observations of the Sun, is denominated Apparent and Mean Solar Time. 


Apparent Time, 


Is that which is immediately derived from the Sun, either from the middle of the times of his Equal 
Altitudes, that is at Apparent Noon, or by observing his Altitude at a proper distance from the Meridian. 


Mean, or Uniform Time, 


Is that. shown by Clocks, or Watches, which keep a constant, uniform time throughout the year. 

The reason of these two different modes of dividing Time is explained in Figure 4, page 62, and is 
saused py the unequal motion of the Earth in her orbit. combined with the inclination of its axis to the 
plane uf the Ecliptie. 

The difference between Apparent and Mean Time i is called the Equation of Time, and amounts to over 
16 minutes sometimes. It is computed for the Noon at Greenwich, and set down on’ page Ist of the 
Nautical Almanac, against the day of the month, throughout the year, and the precept at the head of the 
column shows whether it must be added to or subtracted from Apparent Time, to obtain Mean Time. 


The Greenwich Date, 


Or the Mean Time at Greenwich. is referred to, because it is for the Time at this Meriaiin that 
clements of Astronomical calculations (which are in perpetual change) are given in the Nautical Almallle. 

The Greenwich Dat» is therefore always expressed in Mean Time, (unless the contrary is notified,) and 
it may be defined as being the time at Greenwich, corresponding to any given time elsewhere, and in taking 


observations at Sea, the Noon at Greenwich is referred to, in order to find on which side of Green wieh Noon 
the observation has b2en made. 


Norer.—In observing Altitudes for time, the observation should be made when the bahay is on or near the Prime Ver- 
tical, tnat is,.when it bers trne East or West: because then. errors in both the Latitude of the gbserver and of the 
Altitude observe dl, produce the least effect on the Hour Angle. 

In geveral, the ehs ange of Altitude should not he Jess than 6 minntes to 1 minnte of time. An error of 1 minute m 
the Altitude ‘wonld thea produce an error of about.10 seconds intime. In High Latitudes, an error in’ the Lutitude 
produces a grext effect on the Hour Angle. 


On the other hand, i: the Tropics the time ean be more correctly determined when the body i is at less than an hour 
from the Meridian than when at several hours from it in High Latitudes. 


FINDING THE TIME BY THE SUN. Le 


FINDING THE APPARENT TIME FROM AN ALTITUDE OF THE SUN. 


Thig is one of the most important problems in Nautieal Astronomy, and for the solution of which we 
require to have the Altitude and Polar Distance of the body, and the Latitude of the place of observation, 
being three sides of an Oblique-Angled Spherical Triangle given, to find the Hour Angle at the Pole, and 
which is measured on the Celestial Equator, between the Meridian and the Time Circles. 


Dracram of an Hour Angle. Latitude and Declination of the Same Name. 
Fie. 22. 


“HORIZON © ~ 


Latitude and Declination of Contrary Names. 
Fie. 23. 


Dracram of an Hour Angle. 


In Figure 22. the Sun is on the Prime Vertical, the Latitude and Declination being of the same name, the 
Declination subtracted from 90°, gives the Polar Distance. . 
In Figure 23, the Latitude and Declination being of contrary names, the Declination added to 90°, gives 
the Polar Distance. | ve 
RULES FOR USING THE TABLES. 
Ist. Add together the Sun’s True Altitude, the Polar Distance, and: the iti 2 rvati 
the ea Fike uate os ale between the Half Sum and the Sun's Tyne Altitude. Eee tat had a eae 
2d. Tothe Logs. of the Polar Distance, and Latitude found in Table XXVII, add th : 
Difference found in Table XXVIII, and the Sum of these four Logs., found in Table XXIX, will gine ie Sues 
Hour Angle, at the Yop of the Page and which is also the Apparent Time from Noon, when the Altitude is observed 
in the Afternoon. But when the Altitude is observed in the Forenoon, the Apparent Time from the preceding Noon 
or Midnight, is found at the Bottom of the page. - i ‘ ¥ ‘ 


EXAMPLE 1. EXAMPLE 2, 
Figure 22. Given the Sun’s True Altitude, 37°, Polar | - Figure 23?° Given the Sun’s True Altitude, 13° 26 
Distance, 66° 23’, and Latitude 40° 43’ N. Required | the Polar Distance, 118° 27’, and Latitude 40° North 


the Hour Angle. Required the Hour Angle. 

Sun’s True Altitude......., 387° 0’ Sun’s True Altitude........ 18° 26’ 

Polar Distance............ 66 33 ....Log. 0.03744 | Polar Distance........ ... 113 27 ....Log. 0.03744 
Matitids inl. .-;..-...,.- 40 48......Log,.0.12086 | Latitude in. ...scsc cowces 40 00 ....Log. 0.11575 
RSENS pene 0 Meee. oia\e 0 bale 144° 16’ Supe PP, Asay 166° 58’ ~~! : 
Half Sum..... “5 aa eee . Log. 4.48686 | Half Sum........... nathan BOOT Log. 4.0571 
Sun’s True Altitude........ 87 0 ’ Sun’s True Altitude... ..... 18-26) uede <i 
AEE ass. 0 6. vse BOS ss « . Log. 4.76008 | Difference...... aus ea ae sa De A ei baa . Log. 4.97303 


Hour Angle. ............ . 4hom.4s.... Log. 9.40469 Hour Angle............ 8h, 8m.55s, ,. == 9.18339 
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FINDING THE TIME AT SEA BY THE SUN. 


Method of Observing Altitudes for Time. 


Hold the instrument with the right hand and the watch in the left; bring the Sun’s Lower Limb in 
eontact with the Horizon, and clamp the Index, and at the instant the Second-hand of the watch has com- 
pleted the full minute, bring the Sun’s limb in contact by using the Tangent screw ; note the Time by the 
watch and read off the Altitude, and write them down. When ihe Second-hand of the watch has again 
completed the full minute, take the Altitude, &c., as before, and write thom down, This may be repeated 
three or five times. In general, three Altitudes, and their corresponding times, is sufficient. If the 
difference between .the Altitudes, or the Sun’s changa of Altitude in one minute of time, correspond with 
each other, it is a guarantee that the Altitudes have been correctly observed; but if they do not so agree, 
add them together, and divide by the number taken, will give the mean of the Altitudes corresponding to 
the middle of the times they were taken, which may be taken as the correct observed Altitude 


EXAMPLE. 3 EXAMPLE. 
A, M., 21st June, in Latitude 40° North. *. P.M, December 21st, in Latitude 40° North. 
Alt. L. Limb. ...87° 13’ 0” Time by Watch, 3h. 58m. | Alt. of L. Limb... .°13° 26’ Time by Watch, 3h. 3in 
. “el i 4 25 30 3 59 19 =" 4 
38 9 4 0 10 +) 
‘Obs. Altitude... 37° 2530" Time........ 3h. 59m. | Number taken... — 3)55 3)12 
‘This Altitude has heen correctly taken. Obs. Altitude..... 13° 18°20 Time........ 3h. 4m 


The above Altitudes have not been correctly taken. 


To Find the Apparent Time, and thence the. Mean Time, at Ship. 
RULE, 
. To Correct the Altitude. 


1. Add the Correction, taken from Table IX, to the Sun’s Observed Altitude, will give his True Central Altituaa 


To Find.the Greenwich Date 


2. Turn the Ship’s Longitude into Time, by Table XXVI, and Add it to the Time of the Observation by Watch in 
West Longitude, or Subtract it in East will give the approximate Greenwich Time, which, if before Noon, Subtract 
it from 12h. will give the Time from Greenwich Noon, A. M., otherwise it is the Time from Noon, P. M. 


To Correct the Declination. 


8. Take out the Sun’s Deelination from the Nautical Almanac, against the Day of the Month, and the Difference, 
or Change of the Declination in one hour, found in the adjoining column. Multiply this Differenee for 1 hour by the 
Time from Greenwich Noon, and divide by 60, will give the Correction in Minutes and Seconda. “ 


To Correct.the Equation of Time. 


4. Take out the Equation of Time from the Nautical Almanac in like manner, and the Difference, or Change of 
Equation in one hour, (which is given in Decimal’ parts of a Thousand;) found in the adjoining column. Multiply 
this Difference for 1 hour by the Time from Greenwich Noon, and strike off the Right-hand figure, prefix a Decimal 
point to the Left of the next two figures, which are now hundredth parts of a second, and the figure to the Left-hand 
ts Secouds of Time, and is the required: correction. 2 


For Applying the Corrections for Declination and Equation. ._ 


5. Inspect the columns in the Nautical Almanac, and ascertain whether they are Increasing or Decreasing. 
enwi ime i 4 ? ary ee? WF t8 We . Inereasing, Subtract, 
Greenwich Time, Beiore Noon. Peelingtion OF EGUB LON ste as. a se ade mais ip ecrensing, Add, 


. . ° ‘ ° E P i WA id, 
Greenwich Time. After Noon. Declination or Equation........-..+.++ ccna Sublraot f 


to or from the Declination, or the Equation of Time, taken from the page in the Nautical Almanac, will give them 


Corrected to the Greenwich Time of the Observation, 


To Find the Sun’s Po.ar Distance. 


7 


, & Subtract the Declination from 90°, when the Latitude and Declination are of the same name, or Add the Deel. 
ga*ion t» 90° when they are of contrary names. Witte st aad it 
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FINDING THE APPARENT TIME, AND THENCE THE MEAN TIME, AT SHIP. 


To Correct the Latitude to the Tims of the Observation. 


7, The usual mode of doing this at Sea, is to find the Difference of Latitude the Ship has made in the interval be 
tween the time the Sights were taken and Noon, (the correct Latitude having been obtained from the Sun's Meridian 
Altitude), and applying it to the Latitude Observed, according to the course the vessel has been steering, viz: 


ths ‘ - Sailing North. Subtract Difference of Latitude. 
Rrereemeepeore Noon, in North Latitude | Sailing South, Add Difference of Latitude. 


: : : Sailing North, Add Difference of Latitude. 
Rights, taken after: Renn, in North Latitude } Sailing South, Subtract Difference of Latitude. 


Which will give the correct Latitude of the Ship at the time of the Sights. To apply this Rule in South Latitude, 
we substitute South for North. 


Thus having the Sun's True Altitude, Polar Distance, and the Correct Latitude of the place of Observation, find 
the Apparent Time by the Rule for using the Tables already given at page 123. 
To the A donc Time apply the Equation of Time as directed in the precept at the head of the column headed 


Equation of Time, in the Nautical Almanae, by Adding or Subtracting it, and the result is the Mean Time at the 
Ship. uh 


EXAMPLE 1. 


April 30th, 1854, (Noon at Sea), in Longitude by Dead Reckoning 25° 0’ W., the Observed Altitude of the Sun’s 
Lower Limb was 22° 7’. Time by Watch, 7h 6m in the Morning. Ship then sailed on a true N. E. by E. Course, 
85.miles, until Noon, when the Latitude observed was 36° 32' N. Required the error of the Watch on both Apps- 
rent. and Mean Time. 


Obs. Alt... 22° 1’ T. by Watch. Th 6m Decl. 30th April. .14° 45’ 31’ N. Diff. for lh...... 46 

Corr., Tab. } 10 Lon. 25° W. 1 Core. A Sk Sub. 2 29 G. T. from Noon 3th 
IX... | in Time.. Correct Decl..,...14° 43’ 2” : 138 ” 

True at. 22717 Greenwich. sh 46m 9 0 0 ' 11 
Polar Dist.. 75 17 Log. 0.01449 Time, A. M. | Polar Distance... ..75° 16’ 58” 149 7 
Latitude,... 36 13 Log. 0.09324 Subt. from.. 12 0 ac a 7h — ° ip teal 

= ry ’ —-—_----— Corrie ccccoce cd 29 

Sum.,.... 183° 41 G. T. from 3h 14m . 

Half Sum.. .66° 54’ Log. 4.59366 Noon.... Equa. of Time......2m 53858 Diff. for Jh......°328 
Difference... 44° 37° Log. 4.84656 : Corr.. o Wewec eee Sub. e | ‘06 G. T. from Noon.. . 3th 
App. T...7h 8m 198 Log. 9.54795 : Correct Equation.. ..2m 52852 "984 
oi wh a eae Course N. E. by KE. 35 miles = D. Lat.. 0° 19° 82 

ime.. ee Latitude observed at Noon............36 32 N, OOrt< o0 us cicec OO @ 

Mean T Latitude in at Time of Sights........36° 13’ N. 

at Ship Th 5m 268 : 

i. UY .0 « 

ita. 57° 0 

Watch...... Qm 348 fast of Mean Time. 


And Watch.2m 198 slow of Apparent Time. 


Norr.—When the Sights are taken in the Morning, we look for the sum of the 4 Logarithms in Table XXTX, and 
take the time from. the Lottom of the page, and if the figures are found exactly, the Hours are found at the bottom, the 
Minutes at the right side opposite the Logarithm, and the Seconds in the same column at the bottom of the Table. 
But if the Sum of the 4 Logarithms cannot be found exactly, take the nearest lese Logarithm, and find the difference 

between tt and the given Eogarithm, with which enter the adjoining proportional columns, and take out the correspond- 
ing Seconds of Time, which must be subtracted from the Seconds found at the bottom of the ‘column fron: whence the 
nearest leas Logarithm was taken, which will be the Apparent Time from the preceding Noon or Midnight. . ; 
When the Sights are taken in the Afternoon, the time is taken from'the top of the Table. And in like manner, we 
mist look-for the nearest less Logarithm, and find the difference between it:und the given ene, und the proportional 
parts for Seconds, found in the adjoining column, must be added to the Seconds found at the top of the column, from 
whence the nearest Jess Logarithm was taken. . . 
: All Hour Angles are taken from the top of the page, und whieh is also-the Apparent Time past’Noon by the 
eh. : a ws eri 
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FINDING THE TIME AT SEA BY THE SUN. 


EXAMPLE 2. 


April 80th, 1854, (Noon at Sea), in Latitude by Observation 36° 82’ N., Longitude 24° 26’ W., the Sun’s Observed 
Altitude was 13° 48’. Time by Watch, 5h 30m in the afternoon, and the Ship had sailed sinces Noon on a true 
E. N. E. course, distance 29 miles. Required the Error of the Watch on both Apparent and Mean Time. | 


Obs. Altitude..... 18° 48’ Time by Watch P. M. . 3h 0m. 0s. Decl. April 80th. 14° 45’ 31’ N. Diff for lh 46” 

Corr., Table IX... 8 Lon. 24°26’ W.intime. 1 37 , 448 Decl. Increasing, Add 5 22 qh 

True Altitude. ....13° 56’ Greenh. Time P. M.... 7h 7m 44s Correct Decl.... 14° 50’ 58” N. 60)322 

Polar Distance.....75 9 Log, 0.01475 by hat 90, 0. 0 Corn cs ak 5’ 22" 

Latitude. ....... 36 43 Log. 0.09604 Polar Distance. . "5° 9. Wt } 

. | 125° 48" Equation of Time April 30th. 2m 53358. Diff. for lh 828 
_ Half Sum....... 62° 54' Log. 4.658538 Equation Increasing.. ...Add 2°29 The. 

Difference........ 48° 58’ Log. 4.87756 Correct Equation. ...... ses. 2m 66827 Corr....... 9296 

App. Time...5h 34m. 3s Log. 9.64688 Course E. N. E. 29 miles = D. Latitude .0° 11' 

Kqua..... Sub. 2 56 Latitude observed at Noon............. 86 82 N. 

Mean Time...5h 31m ‘7s Latitude in at time of Sights.......... 36° 43’ N. 

T. by Wateh...5 80 0 

Watch... .... Im 1s slow of Mean Time, and 4m 8s slow of Apparent Time _ 

EXAMPLE 38. 


o* 


March 26th, 1854, (Noon at Sea), in Latitude by observation 12° 21'S,, Longitude 65° 30’ E., the Sun’s Observed 
Altitude was 25° 25’.. Time by Watch 7h 47m in the forenoon. Ship had sailed on a N. W. Course, true, 17 miles, 
since the Sights were taken, until Noon. Required the Error of the Watch on both Apparent and Mean Time. 


Obs. Altitude.... 25° 25’ Time by... . rh 47m: Decl 26th Mar. 2° 11 40" N. Diff. for 1h. 59” 
Corr. Table 1X.. 10 Watch A. M. Corre. 4.4bub 8 21 Timefm N, 84h 
Se ees ° , ————EEe - 2S 
True Altitude... 25°.35’ Ton 65° 3.0" E. ta 99 Correct Decl.. 2° 3’ 19" 472" 
Polar Distance... 92 3 Log. 0.00028 1 time.... ) | | 90 0 0 29 
Latitude,........ 12 83 Log. 0.01050 G. Time A. M. 8h 25m Polar Distance 92° 3’ 19” 60)501" 
Jue 130° 11’ re ar “ = = Corr. foreDecl. 8’ 21" 
PT TY . fm G, Noon : : : 
65 16! Log. 4.62432 : re Equation. ...5m 50302 Diff. for lh “768 
89° 81’.. Log. 4.80366 Corr... ..Add 6°52: - 8tb- 
App. Time.... 7h 47m 9s Log. 9.43876 “s . Correct Equa.5m 56854 6144 > 
Equa.,. ... Add 5 57 Course N. W..17 miles, D. Lat. 0° 12’ ; "384 
Mean Time... 7h 53m 6s  ._ . Latitude by Obs. at Noon.....12 21 S. Corr. for Equa. 6528 
T. by Watch... 7 47 0. Lat. in at time of Sights..... 12°°33"'S. ys: ee : 


Wateb,...,... 6m ~ 68 slow of Mean Time, and 0m 9s slow of Apparent Time. 


QUESTIONS FOR EXERCISE. 


Quest, 1st-—May 12th, 1854, (Noon at Sea), in Latitude Observed at Noon 47° 50’ N., Longitude by Dead Reekon- 
ing 50°30’ W. In the morning the Sun’s Observed Altitude was 34° 5’. Time by Watch 8h 6m A.M. The Ship 
had made 4’ of Diff. Latitude to the Southward since the Sights were taken. Required the Error of the Watch. 


Answer—The Apparent Time is, 8h 5m 39s, and Watch fast Om 21s. Mean Time 8h 1m 47s, and Watch fast: 
4m 18s. r 


Quest, 2d—On the same day as above, in Latitude 47° 50’ N., Longitude 50° 30’ W., in the Afternoon the Sun’s 
Observed Altitude was 10° 14’. Time by Watch 6h 17m’ P.M. The Ship had sailed on a true. W. by S.4 & 
Course, 52 miles since Noon. Required the Error of the Watch as before. . , 


Answer——The Apparent Time is 6h 18m 16s. Watch slow 1m 16s. Mean Time, 6h 14m 233. Watch fast 
2m 37s. . és 


Quest. 3d—Jnne Ist, 1854, (Noon at Sea), in Latitude 39°25! S. by Observation, and Longitude 90°E., at Noon. In 4 
tne Morning the Observed Altitude of the Sun was 12° 15’. Time by Watch 8h 85m A.M. The Ship had sailed 
on a true S. E, Course, 28 miles, until Noon. Required the Error of the Watch. : 


Answer.—The Apparent Time is 8h 84m 56s. Watch fast Om 4s. Mean Time 8h 32m 20s. Watch fast 


N aati the foregoing Examples, and also those which follow, the height of the eye is supposed to be 18 feet above 
the Sea level. 4h 


Noon at Sea means the end of the Sea Day, and which also corresponds tothe beginning of the Astronomical Day _ 
and to the Noon of the Civil Day, oe 6k: -. oteee, 
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FINDING THE APPARENT TIME AT SEA BY THE SUN, WHEN THE SHIP IS ON THF 
EQUATOR. 


When the Ship is on the Equator, and the Sun is also on the Equator, that is, when his Devinauaes is 
0, the Poles of the Heavens are in the Horizon and the upper end of ee Celestial Equator is then in the 


Zenith, and the Sun rises and sets vertically. 


. DIAGRAM 


Of the Hour Angles on the Equator. 


Fig. 
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In this case, the Sun’s change of Altitude is 15’ in one minute of Time, or 15° in one hour, tnroughout 
the entire day. The time can, therefore, be as correctly found near the Meridian, that is, near Noon, as it 
can at any other time of the day, and an error in the Latitude, in working out the time, does not affect the 


result. 


[t will be perceived by this figure, that when a Ship sails to the Southward, after leaving the Equator, 
she raises the South Pole of the Heavens, and that in sailing North from the Equator, she raises the North 


Pole, and that the Polar Distance and Hour Angles are always measured from the elevated Pole. 


But in 


this ease, both Poles being in the Horizon, and ‘the Sun on the Equator, his Polar Distance 90°, and the 
Hour Angles, (measured on the Equator), are the same at both Poles. 

[if we therefore observe the Sun’s Altitude at any period of the day, under the above circumstances, 
and after correcting it in the usual manner, to obtain the True Central Altitude, and then subtract it from 
90°, we have the Sun’s Hour Angle at once, in space, which, turned into decrees and minutes by Table 
XXVI, will give the Apparent Time at the Ship in the afternoon, and subtracting it from 12h, will give the 


Ap parent Time in the forenoon. 


EXAMPLE 1. 


Latitude and Declination 0; the Sun’s Observed Alti- 
tude in the forenoon was 74° 48’. Required the Appa- | 
rent Time at the Ship. 


Obs. Altitude L, Limb...... 74° 48’ 
Corr., Table IX,.......-.-.. 12 
Sun’s True Altitude........ 16.50" 

90° 0 


Hour Angle in space....... 15° 0/ = Thor 11h A. M. 


This may be verified by the Time Tables, as follows : 


True Altitude. ............-- 75° 0! | 
Polar Distance..............- 90 0 Log, 0.00000 
MUMMAUUNAG s/c cs a g's vc'c uns nasin's 0 O Log. 0.00000 
SRNL Mg ee latel sore iid » d's siereiete ¢ 165° 0’ 
Peni... < ose nee 82° 30’ Log. 4.11570 | 
PMEMIOG ins os os cco h eo aee ey 10-2 0 | 
WPRTIOG ST SS coe c's ov'e coe n Here ~ 4° 30’ Log. 4.11570 | 
Apparent Time........... 1ih 0m 0s Log. 8.23140 


EXAMPLE 2 


Latitude and Declination 0; the Sun’s Observed Alti- 
tude was 29° 50’ in the afternoon. Required the Appa- 
rent Time at Ship. 


Obs. Altitude L. Limb........ 29° 50’ 
ECS ya he) fod DCA eae A ina 10 
| Sun’s True Altitude.......... 30°: 10" 8" 
90. 0 
Hour Angle in Space..:........60° 0’ = 4h 0m P.M 
| True Altitude. .........+-55 +» 80° 0’ 
| Polar Distance..............-- 90 0 * Log. 0.00000 
PMA! a's a Vie bia ars «nied mis em 0 0 Log. 0,00000 
120° 0’ . 
FAME CSUN ste pies 's'4'a n'a wane ele nate 60° 0’ Log. 4.69897 
ATU aie d Sac alk scenes 30 0 
Difference} 3 22, Ss ESE aps 80° O° Log. 4.69897 
4h Om Os. Log. 9.39794 


Apparent Timng,.<5 50:6 Au jo0 
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FINDING THE APPARENT TIME WHEN THE SUN IS RISING OR SETTING. 


This method is upon the same principle as that of measuring the Hour Angle from the Elevated Pole, 
but in the room of observing his Altitude above the Horizon with a Quadrant, we observe with a Spy- 
Glass the contact of either of his Limbs with the Horizon at Rising or Setting, and note the time hy the 
watch 


RULE 
When the Lower Limb ts Observed. ° 


Take the Difference between the Sun’s Semi-diameter, N. A. and the Mean Horizontal Refraction, 34’ 17’, to 
which ithe Dic of the Horizon, found in Table V. Call this the Correction. 
Correct the Declination, and find the Polar Distance, as usual. Also correct the Latitude to the place of Obser 
ion by the rules already given. 
foia stay the Latitede and Polar Distance, from which subtract the above Correction. Take half this Sum, 
to which add the same correction, and call it the Difference. The Apparent Time is then found by the usual Rule 
n working the time by the Tables. 


DIAGRAM 
Of the Sun’s Hour Angle at Rising or Setting. 
Fic, 25. 


ZENITH «¢ 


RATIONAL ~ 7 wa HORIZON 


“WABELLA THOMS st WEW YORK. 


This figure represents the elements for computing the Hour Angle in the usual manner, being the three 
sides of an Oblique Angled Spherical Triangle, viz: the Co-Latitude 51° 18’, the Polar Distaace 108° 51’, 
and the Co-Altitude 90°, to find the Hour Angle at the Pole, and which, measured on the Equator, is 74° 
37’ 30’, or, in time, 4h 58m 31s. ; 


EXAMPLE 1. 


dan. 25th, 1854, (Noon at Sea), the Latitude Observed was 88° 0’ N.,and Longitude 104° W.,at Noon. Ship then 


sailed N. E. 60 miles, when the Sun’s Lower Limb was observed to set at 5h 3m 25s by the Watch. Required ite 
error on Apparent and Mean Time. 


Tor. Ref. 84’ 17", g4’ gi Time by Watch.... 5h 38m 25s Sun's Decl. N.A.18° 57’ 58" S. Diff. lh... .:...37” 
less Par 9’... Lon. 104° W.intime. 6 56 O.Gorr.. s Js +.eesUd, 7 24 G. T. past Noon. 12b 


Sun's Semid.N. A...16 16 Greenwich Time. ...11h 69m 208P.M. Corr. Decl. 18° 50’ 34” 60)444” 
Difference... . ero ee ol 7! 52” 90 0 0 Corr. ¢ 322" q 94" 
Dip of the Horizon... 4 8 CourseN.E.60 miles. 0° 42 Polar Distance.108° 50’ 34” 
Correction. ......$ 22’ 0’ Lat. Obs. at Noon.... 88 0’ N. 
Latitade at Sunset...........2-e00. Pe a ~ 88° 42' Log. 0.10767 
Polar Diatsnes Yo. sale Gas cacklc pauses oe tweee 108 651 Log. 0.02394 Equa. of T..12m 38.558 Diff. 1h. .554 
"147° 33"/ Corr...Add 6.65 ie 32 
Correetion........... oR eet hig Sub. +22 Corr, Equa. 12m 45 20s Cor.... .6.¢4& 
147° 11’ 
Half Sri stele ft Nie «dv Aaah silos coke . 73°36 Log. 4.45077 
ciel ee gg ELE ae ee ee esaeonee Add. $93 
sent Renn eee Bitte te eee e cere eee ee ees . 73° 58" Log. 4.98277 
arent Tim 58m 298 0.56515 
Fojustion of Time. cites ais meas Sie Aaa 13” 5. nt ae 
Mean Time at Ship.......... 5h lim 148 
Time by Wateb, Stoset.. 000000 DUI ae ae : 


Watch slow of Mean Time.................. 4m 498, and fast of Apparent Time 4m 568 
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FINDING THE APPARENT TIME WHEN THE SUN IS RISING OR SETTING. 


RULE. 
When the Upper Limb is Observed. 


Add together the Horizontal Refraction, 34’ 17’’, the Sun’s semi-diameter, Nautical Almanac, and the Dip of tns 
Horizon, in Table V. Call this Sum the Correction. 

Correct the Declination and Latitude as before, and find the Sun’s Polar Distance. 

Add together the Latitude and Polar Distance, from which subtract the above Correction. Take Half this Sum, 
to which add the same Correetion, and call it the Difference. 

The Apparent Time is then found by the usual Rule for working the Tables. 


* 


DIAGRAM 
Of the Sun’s Hour Angle at Rising or Setting. 


Fie. 26. 


RATIONAL’ 


4 Se 


This Figure is explained in the same manner as the last, except that the Latitude and Declination being 
both North, the Sun’s Hour Angle exceeds 6 hours when Rising or Setting, and measures 101° 57’ on the 
Equator, or in Time is 6h. 47m. 48s., which subtracted from 12 hours gives Apparent Time, 5h. 12m. 12s. 
A, M. 


EXAMPLE 2. 


June 1st, 1854. (Noon at Sea.) In Latitude 25° 0’ North, and Longitude 60° East, by Dead Reckoning from the 
preeeding Noon, the Sun’s Upper Limb was observed to Rise at 5h. 17m. 0s. by the Watch. Required its Error on 
Apparent and Mean Time. 


H. Ref. 34’ 17” less Par. 9’’.. 34° 8'’ Time by Watch........ 5h. 17m. 08. Dec. N. A., 22° 3’ 23’ N. Dif. 1h. 20” 

STU: -01100 (0 0. a 15 48 Lon.60° E. in Time..... 4 0 O Corr,,..Sub. 3 40 11k 

Dip of the Horizon.......... 4 8 Green. Time, A.M..... 1b. 17m. 0s. Corr. Dec.. 21°59" 43” 60)220 

Correction. ........... + 54’ 4’’ Subtract from ........ 12 0-0 90 0 0 Cor... 3’ 40” 
Time before G. Noon.. . 10h. 43m.08. Polar Dist..68° 0° 17” mage | 

Latitude in at Sunrise. .......... -- 25° 0'.... Log. 0.04272 

Daler: DistaBed.. 5 odds Pa~ 100, « «\s 68 0....Log. 0.08283 

Sars Vd... 8 og nimiccs Meee a ee 93° 0’ Equa. of Time....2m. 81892 Dif. lh. 3°80 

TamrOetiON. .. . etuaky-is = sh alee « Sub. {54 Corres Adder. (4°18 wo lth 
92° 6’ ‘Correct Equa..... 2m.36810 Cor... 48180 

BEMIEC CUI © <\n'o.d vie/< a-pieie Mew aeeimae 46° 3’....Log. 4.841388 

PIMREOKION os. . os de cwccescivet Add + 54 

Differemee oS 6 eS I 46° 57’... . Log. 4.86377 

App. Time at Ship at Sunrise,. 5h. 12m. 12s... .. Log. 9.78070 

Equation of Time. 2 86 
Mean Time at Ship...do..... 5h. 9m. 363 
nime by Watch 23.56... 0%. BM PT! 370 


Watch Fast of Mean Time.... 7m. 24s. and Fast of Apparent Time 4m. 48s. 


Norr.—The reason why these Corrections marked thus + are used, will be evident from the fact that when the Sun’s 
Lower Limb touches the Horizou, at Rising or Setting, his centre is actually 22 minutes below it. And when his Upper 
Limb touches it he is a whole diameter, or 82 minutes more below it; which together make 54 minutes.. This, as before 
exp.ained at page 67, is caused by the Refraction of the Atmosphere. 

This Observation is liable to error, from the unequal Refraction and Mirage at the Horizon. It is, however. very 
useful, and may .be depended on within 20 seconds or 5’ of the truth. bts 
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FINDING THE APPARENT TIME FROM EQUAL ALTITUDES OF THE SUN NEAR NOON. 


This is a very convenient and simple mode of finding the Apparent Time at Noon, or when the Sun is 
on the Meridian, that. is, at 12 o’clock Apparent Time at the Ship; and.as it.is independent of Latitude 
and Declination, and all the other corrections, it is a useful check on the more regular method of finding 
ihe time. 

This observation can be depended on in Low Latitudes, because the Sun’s change of Altitude is very 
rapid near the Meridian. But in High Latitudes the Sun’s change of Altitude near the Meridian is very 
slow, especially in the Winter months; hence an error in the time of observation, in the latter’ case, may , 
be committed which may render it worthless. 

Besides, the greater the distance of the observer from the Equator, the time from Noon, at which the 
Altitude is observed, must be greater, (because the correctness of the Time so found depends entirely upon 
the rapidity with which the Sun rises and falls.) This involves a tedious system of corrections, for the 
Ship’s change of place and the Sun’s change of Declination in the interval between the observations, and 
which is unnecessary labor, because the Time can be found as correctly by one of the Altitudes. in the usual 
manner. + 

When a Ship sails due East or West in the interval between the Altitudes, in that case it becomes a 
question of time only. But when she makes much Northing or Southing, it is evident that the same Alti- 
tudes will no longer give the correct Middle. Time at Apparent Noon. The error in the P. M. Altitude 
will be equal to the difference of Latitude made in the interval. Therefore the Rule is, when sailing 
towards the Sun, we must increase the A. M. Altitude which is on the Quadrant, by advancing the Index 
of the instrument equal to the difference of Latitude made in the interval. . 

But in sailing from the Sun, we must decrease the A. M. Altitude by serewing back the Index equal te 
the difference of Latitude made in the interval; and when the Sun falls to that Altitude in the afternoon, 
we note the time by the same watch by which the time of the A. M. Altitude was noted. 


Limits of the Time from Noon. 


The Altitudes should not be taken nearer to Noon than in the proportion of One Minute of Time for every 
Degree of Latitude the Ship is North or South of the Equator. 


The Observation. - 


Observe an “Altitude of the Sun’s Lower Limb according to the above limits before. Noon. Note the tim 
by the Watch, and clamp the Index of the instrument. When the Sun’s Lower Limb falls again to the 
same Aliitude in the afternoon, note the time by the watch. : 


RULE. 


Add together the two times, and take their Half Swm for the Middle Time. If the Middle Time is exactly 12 
hours, the Watch is correct for Apparent Time ; because, at the instant of this Middle Time by the Watch, the Sun 
ts on the Meridian and it is Apparent Noon, or 12 o’elock, Apparent Time at the Ship. 

But should this Middle Time exceed 12 hours, then the excess is what the Watch is Fast of Apparent Time. 

If the Middle Tine be dess than 12 hours, then what it wants of 12 hours is what the Watch is Slow of Apparent 
Time. And by applying the correct Equation of Time, inthe usual manner, to Apparent Noon, or 12b., we have 
the Mean Noon at Ship, the difference between which and the Middle Time is the error of the Watch on Mean Time. 


EXAMPLE 1. EXAMPLE 32. 
. fon 2d, 1854. In Latitude 5° 52’ North, and Lon- April 16th, 1854. In Latitude 30° North, Longitude 
gitude-28° West, at 11h. 54m. by the Watch, the Sun's | 45° Kast, at 11h. 20m. by Watch, the Sun’s Altitude was 


“Altitude was 85° 40' A.M, and at 12h. 20m. by the | 68° 20’ A. M,, and at 12h. 34m. by the same Watch, he 
game Watch, he had fallen to the same P. M. Required | had fallen to the same Altitude P. M. Required the 
the error of the Watch on both Apparent and Mean | error of the Watch on both Apparent and Mean Time: 


Tine Sun’s Alt... 68° 20’ A.M. Time by Watch, 11h. 20m. 
Sun’s Alt... 85° 40’ A.M. Time by Watch, 11h. 54m, Same P.M. do. ‘do, 12 34 
Same P.M. do. dv. 12 20 Equa. of T... Om. 11887 Dif. .603 Sum.... 23b. 54m 


“qua. of T..3m. 41871 Dif. 750 Sum.... )24h. 14m. | Go... Sub. 1°80 3h, Mid.Time,1 1h. 57m. 
Corr. ..Sub. 1°50 Long. 2h. Mid. Time, 12h. 7m. Equa. . “Sub. Om. 10s. 1.80°9 Ap.Noon,12 0 


Equa. .Add 3m. 408, — 1°50°0 ~=App. Noon, 12 co Ap. N’n. 12h. 0 0 _ Watch Slow, 0h. 3m 
Ap. N’n,12h.0 0 Watch Fast, Oh. 7m. | Mn. N’n: 11h.59m. 50s. 
Mn. N’n,12h.3 40s, Mid. Tavis ST 


Mut. 18-4 G 


Bee se ee Watch.... 2m. 50s. Slow of Mean Time 
Watch...  8m.20s. Fast of Mean Time. 


a 

n oTe.—It is not necessary to read off the Altitude if the Index of the instrument remains untouched, because we have 
only to wait until the Sun falls again to the same Altitude in the afternoon, unless the Ship makes much Northing or 
Southing in the interval, when it must he corrected as abave. But to guard against accident, or if the instrument is 
required for use in the interval, we have only to read it off and write it down, and set the Index to the same Altitude 


ain, ready for the P. M. Altitude, and in case of cloud: os "s i i j j 
choutil LAtakAM bafiiee Noon, as a Sipieske: ise of cloudy weather several ecTeT nee and their corresponding times, 


? 


‘gs 
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FINDING THE TIME ON SHORE FROM ALTITUDES BY THE ARTIFICIAL HORIZON, 


As a full description of the method of taking Observations with this Instrument is given at pages 77 and 
78, it will only be necessary here to give a few Examples of finding the Apparent Time, and thence the 
Mean Time, on Shore. 


EXAMPLE 1. 


March 5th, 1854, at New York, in Latitude 40° 42’ 42'’ N., and Longitude 74° 0’ 1” W.,, the following Altitudes 
were observed by an Artificial Horizon in the Morning, to ascertain the Error of the Watch on Mean Time. 


Obs. Altitude L. Limb. 24° 14’ 30 Time by the Watch. 7h 32m 20s Declination. 6° 3’ 14’ S. Diff. for 1h 58” 


> i, oe eee 38 36 Corr..Sub. 0 29 = G. rect: th 
56 GOR aly cles as ore ee 34 30 Cor. Deel.. 6° 9! 45” past N. 
3)106’ 39” 3)100m 268 90 0 0 Correction 29” 

Mean of the Altitudes. 24° 35’ $3" Mean of the Times. 7h 33m 288 Polar Dist.. 96° 2’ 45” 
Index Error.......Sub. 2 0 Lon.74° W.intime. 4 56 0O 

Angle of Double Reflex. 24° 33’ 33 Mean Time at G... 12h 29m 288 nd 
Sun’s Obs. Alt, L. L... 12° 16’ 46”, Sub. 12 0 0 Equa. of T. 11m 45878 Diff. for Ih 584 
Sun’s Semid.......Add 16 9  T. past Noon at G.. 29m 285 Corr.. .Sub. °29 Gorr.....  °29°4 
Apparent Altitude..... 12° 32° 55” 2 Correct Eq. 11m 458'49. 
Refraction. ....... Sub. 4 18 
Sun’s True Altitude.... 12° 28’ 37” | 
Polar Distance........ 96 2 45 Log. 0.00243 
Latitude...... wereeeee 40 42 42 Log. 0.12083 
00 SaaS aoe 149° 14’ 4” Apparent Time of Observation Th 28m 46s 
Half Sum.......... ... 14° 87 2!" Log. 4.42370 Equation of Time.........Add 11 45 * 
True Altitude......... 12 28 37 Mean Time.......... ‘oocess Th 40m 31s 
Difference. ......... .. 62° 8’ 25" Log. 4.94650 Time by Watch...........+. 7 33 28 


Apparent Time..... th 28m 468 = Log. 9.49296 Watch slow..............+. Oh Tm 8a of. Mean Time. 


EXAMPLE 2. 


October 20th, 1854, at the Cape of Good Hope, in Latitude 34° 22S, and Longitude 18° 80' E., the following 
Altitudes were observed by an Artificial Horizon in the Afternoon, to ascertain the Error of the Watch on Mean 
Time, 


Sun’s Altitude L. Limb. 36° 30’ 30’ Time by Watch 4h 58m 10s Declination 10° 19’ 47 S. Diff lh.... 54°” 
0 


ROMO O xrcc et eels 4 69 20 Corr..Add 3 22 33h 
85 41 10 ...... 2. eee. 5 0 40 Corr. Decl. 10° 23’ 9” 162 

3)108° 17' 40” 3)14h 58m 10s 909 0 0 27 

Mean of the Altitudes... 36° 5’ 53’’ MeanofTimes. 4h 59m 23s Polar Dist. 79° 36’ 51” 13 
“ndex Error.......Add 1 10 Lon. 18° 80’. } i ian 60)202 7 
Angle of Double Reflex. 86° 17 73” E.intime. Corr...... 3/22 " 


Sun's Obs. Alt. L. Limb. 18° 3’ 32 G. Time P.M.. 8h 45m 23s 


PC METOICL . «0 0.40 50 0 ot 16 6 

Apparent Altitude.. rs ee twas Char Equation of Time 15m 5877 Diff lh.. *40€ 
Subtract Refraction.. ... 2 _58 Gorrection... Add 1°52 38h 
Sun's True Altitude.... 18° 16’ 40” Correct Equation. 15m 78°29 “1218 
Polar Distance......... 79 36 51 Log. 0.00717 ‘203 
Latitude....... seeees 34 22 0 Log. 0.08831 . ‘101 
PUP Ce ck. ccc coekoe. 15’ 31” Oorr.... 1°52°2 
BARNS. nas. vos 3 66° 7’ 45” Log. 4.60711 

True Altitude.......... 18 16 40 

ONES ee 47° BY’ 5’ Log. 4.87006 


App. Time at the Place 4h 59m 803 Log. 9.56765 
Equa. of Time....Sub. 15 17 


Mean Time........... 4h 44m 28s 
Time by Wateh........4 59 28 


Watch............... 15m 0s fast of Mean Time at the place. 
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FINDING THE TIME AT SEA FROM AN ALTITUDE OF THE MOON. 


The Apparent, and thence the Mean Time, at Ship, may be found by an Altitude of the Moon at a dis 
tance from the Meridian. ' AA, 

In the first place we must have the exact Greenwich Date at the time of the observation at the Ship, in 
erder to reduce her Semi-diameter, Horizontal Parallax, Right Ascension, and Declination taken from the 
Nautical Almanac to that time, and as before stated at Page 101, (in the case of finding the Latitude by 
the Moon’s Meridian Altitude,) if the Longitude of the Ship be not known, neither the Latitude nor the 
Time can be found by the Moon. But in cases where a Ship carries a good Chronometer, the Longitude can 
at. any time be found tolerably correct by applying the Difference of Longitude made by Dead Reckoning to 
the Longitude last found by Chronometer. | . 

The Moon’s Observed Altitude must be corrected as usual, to obtain her centre, and another correction 
for her Parallax in Altitude, and which is always additive to her Apparent Altitude, because she always 
appears below her true place in the heavens. (See page 67.) 


RULES FOR COMPUTING THE VARIOUS CORRECTIONS. 


To Find the Greenwich Date. 


1st. Turn the Ship’s Longitude into Time by Table XXVI, and add it to the Mean Time at the Ship, (at 
the time the observation was made), in West, or subtract it in East Longitude, will give the Greenwich 
Date, which must be always one day less than the Sea Date. Or it may be more correctly found by noting 
the times of the Altitudes by Chronometer, which, after allowing for its error on Greenwich Time, will 
give the required Greenwich Date. 


To Correct the Moon’s Altitude. 


2d. Take from the Nautical Almanac the Moon’s Semi-diameter and Horizontal Parallax, for the near- 
est Noon or Midnight corresponding to the Greenwich Date. Then if the Moon’s Lower Limb be observed, 
add the difference between the Dip of the Horizon and her Semi-diameter to the Observed Altitude, But 
if her Upper Limb be observed, subtract their Sum, will give the Moon’s Apparent Central Altitude. 

3d. Enter Table XXV with the Apparent Altitude at the side, and the Horizontal Parallax at the top, 
and take out the Correction, which is expressed in Minutes and tenths of Minutes, and proportion it, if 
required, for the odd Minutes of Altitude, and the odd Seconds of Parallax. This correction is always 
additive, and will give the Moon’s True Altitude. 


To Correct the Moon’s Right Ascension. 


4th. When the large Nautical Almanac is used, and the Greenwich Date,*for the full hour, the Right 
Ascension is found opposite that hour ; but when there are odd Minutes, take the Difference between that 
and the following hour, and apply the proportion of this difference, corresponding to the odd Minutes, to 
the Right Ascension at the preceding hour, according as it is increasing or decreasing, will give the Moon's 
correct Right Ascension. 


5th. When the small Almanac is used, and the Greenwich Date exactly at Noon or Midnight, take out 
the Right Ascension found opposite. But when it is between them, take it out for the nearest Noon or 
Midnight preceding, and the nearest Noon or Midnight following this Greenwich Date, and take their Dif- 
ference, which will be that for 12 hours, and note the number of Hours and Minutes which the Green- 
wich Date is past Noon or Midnight. Then say, as 12 hours is to the Difference in 12 hours, so is the 
Greenwich Time past Noon or Midnight to the required correction, which, applied to the Right Ascension 
at the preceding Noon or Midnight, according as it is increasing or decreasing, will give the Moon’s correct 
Right Ascension. (See the Note on the next page.) 

( 


To Correct the Moon’s Declination. 
6th. When the large N. Almanac is used, proceed by the rule already given at page 102, No. 6, for cor- 
recting the Moon’s Declination when on the Meridian. 
When the small Nautical Almanac is used, proceed in like manner by Rule No. 7, on the same page, 
and the result will be the Moon’s correct Declination, corresponding to the Greenwich Date. 


To Find the Moon’s Polar Distance. 


7th. When the Latitude and the Moon’s Declination are of the same name, the Difference between her 
Declination and 90° is her Poler Distance. But when of contrary names, their Sum is her Polar Distance 
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To Correct the Latitude to the Time of Observatim. 


8th. Enter the Traverse Tables with the Course and Distance made good, and find the Difference of Lati- 


tude the Ship has made since the last Observation for Latitude was obtained, and apply it by the Rule given 
at page 125, which will give the correct Latitude in. 


To Find the Moon’s Hour Angle. 


9th. Thus having the Moon’s True Altitude, Polar Distance, andthe Latitude of the place, procced (as 
with the Sun) to find the Moon’s Hour Angle. or her Distance from the Meridian, (which with the Sun is 
the time from Noon,) this being added to the Moon’s Right Ascension, if the Moon be to the Westward of 


the Meridian, or subtracted from it if the Moon be to the Eastward, the Sum, or remainder, will be the 
Right Ascension of the Meridian. 


To Correct the Sun’s Right Ascension. 


10th. Take out the Sun’s Right Ascension and the Difference for 1 hour from the Nautical Alinanac, mul- 
tiply this Difference by the Time from Greenwich Noon, and add this correction to the Right Ascension, 


taken from the Nautical Almanac, (because the Sun’s Right Ascension is constantly increasing,) will give 
the Sun’s correct Right Ascension. 


‘0 Find the Apparent Time at Ship 


11th. From the Right Ascension of the Meridian, (increased by 24 hours, if necessary,) subtract the Sun’s 
correct Right Ascension, and the remainder will be the Apparent Time. 


To Correct the Equation of Time. ; 


12th. Take out the Equation of Time from the Nautical Almanae, and the Difference for 1 hour, and 
correct it by the Rules given at page 124, will give the correct Equation of Time. 


To Find the Mean Time at Ship. 


13th. Apply the correct Equation as directed in the precept at the head of the column in the Nautical 
Almanac, to the Apparent Time, by adding or subtracting it, and the result is the Mean Time at the Ship. 


EXAMPLE, 


~ March 10th, 1854. At Noon the Latitude observed was 88° 15’ North, Longitude by account 60° 45' West. Ship 
had sailed N. E. (true) 40 miles since Noon, when the observed Altitude of the Moon’s Lower Limb was 40° 82’ to 


the Eastward of the Meridian, and the Greenwich Time by Chronometer 9h, 44m. 37s. P. M. Required the time at 
Ship. 


Obs. Alt. )’s L. Limb. 40° 32’ Gr. Time by Chro...... 9b. 44m. 87s. ))’s Dec. Noon. 24° 14’ N, 


Semid. 15’, Dip4..... 11 Tg Midnight. 23 4 

Hor. Par. 55’, and.... 40° 48’ Lat. at Noon............ 88° 15’ N. T. XXIII, Dif. 12h. 1° 10° pena 
Gives Cor. Tab. XXV, 40 Course N. E. 40 miles, D.L. 28 and G. T. from. Noon.. 9h.45m.—0" 56 
“pb arie Aly... 2. 41° 23’ Lat. at time of Sights.... 88° 43’ Dec. Noon.... 24 14N, 
Polar Dist........ .-. 66 42 ....Log. 0.08695 D’s Cor. Dec., .23° 18'N, 
TAUtOde is os dens 2 os 88 43 ....Log. 0.10777 90 0 
SUM ne ctleweee ddes 146° 48’ D’s Polar Dist. 66° 42! 
Half BSN Sk eie cine ig mut ...eLog. 4.45589 a/R aNNGte st dle ono ha 

Difference ...... ee 82° VW’ ....Log. 4.72441 Midnight. 8 88 26 

> etapa Hp ra ane ....Log. 9.82502 Say as 12h— 26 68—9h.4im. 
‘R.A. ofthe Mer.. 4h. 54m, 85s. Sun’s R. A. 23h. 21m. 53s. Dif. lh. 9s. * 10.0000 

Add 24.0 0 Cor..Add 1 380 10 Pro, Log 12h..1.1761 Table XXXIV 

R. A. M. Increa. 28h. 54m. 85s, Corrected. 23h. 23m. 23s. 908. Arth, Co......8.8239 

Sun’s R. Ascen. 23 28 23 ; Pro.Log.26m.5 0.8389 

App. T. at Ship “6h. 81m. 12s. Equation.. 10m. 31855 Dif. 1b.°665 do. 9h. 45m. 1.2663 

Kq. of T... Add 10 25— Meee O06" 10 0.9291 

Mean Time.... 5h. 41m. 872, Corrected. 10m. 24890 665°0 Pro. Log...... Oh, 21m, 128, Cor. for 9h. 45m. 


D's R.AcatN’n8 12 21 
D’s Cor. R.A.. 8b. 23m. 33s. 


v 


® The Proportional Logs., Table XXXIV, are very useful for the purpose of performing Kule of three questions; 
but to make thre terms all additive we must subtract the Pro. Log. of the first term from 10.0000. It is then called the 
Arithmetical Cumplement. 


But as this Table only extends to 8 hours, we must enter it, (when they exceed that quantity,) with the hours as 
minutes and the minutes as seconds, &e., &e., a8 in the above Example, which will be found a much more correct 
mode than when taken from Tables which are generally constructed for that purpose. 


134 NAUTICAL ASTRONOMY. 
FINDING THE TIME AT SHIP FROM AN ALTITUDE OF A PLANET. 


The Time may be found as correctly by an Altitude of a Planet at a distance from the Meridian at 
twilight, as by the Sun, and the name of the Planet of which the Altitude is observed may be easily ascer- 
tained, if we refer to the Diagrams and Rules for finding the Meridian Altitudes of the Stars, at pages 64 
and 65. There it will be perceived that the Elevation of the tipper end of the Celestial Equator is equal 
to the Co-Latitude of the place. Now, it is easy to imagine a semicircle in the heavens, (in an opposite 
direction to the Elevated Pole,) to be elevated equal to the Co-Latitude of the place, and that this semi- 
circle passes through the true East and West points of the Horizon, which will represent the Celestial 
Equator, and that if the Planet is seen to the North of this semicircle, it must have North Declination, 
otherwise South, and to note by its bearing whether it is to the Eastward or Westward of the Meridian. 
Now inspect the Nautical Almanac on that day of the month, and find which of the Planets agree with the 
above Declination, and find the time of its Meridian passage. If it be observed to the Eastward, it will 
pass the Meridian later than the time of observation, but if it be observed to the Westward, it will have 
passed the Meridian earlier than the time of observation. And bearing in mind that all the heavenly 
bodies rise and set to the Northward of the true East and West points, when their Declinations are North, 
otherwise to the Southward of these points when their Declinations are South; and that in High Latitudes, 
when the Declination is of the same name as the Latitude, the Planets will have a high Altitude, and 
they pass the Prime Vertical above the Horizon. But when the Latitude and Declination are of contrary 
names, their Altitudes wil be low, and they pass the Prime Vertical below the Horizon, or set before they 
reach it. | 


RULES 
For Computing the Corrections. 


1st. Find the Greenwich Date by turning the Ship’s Longitude into Time, by Table XXVI, and add it to 
the Time at Ship in West Longitude, or subtract it in Kast; or it may be found from the Chronometer, and 
to be called always one day less than the Sea date. 


To Correct the Planet’s Observed Altitude. 


2d. Enter Table XX with the Height of the eye at the top, and the observed Altitude at the.side, and 
take out the correction for Dip and Refraction, which is always subtractive. 


To Correct the Planet’s Declination. 


3d. Take out its Declination from the Nautical Almanac for the nearest Noon preceding the Greenwich: 
Date, (except when the Change of Declination is small it may be taken for the nearest Noon of the Green- 
wich Date.) and also for the Noon of the following day, and take their Difference. Then say, as 24 hours 
is to the Difference in 24 hours, so is the time past Noon at Greenwich to a proportional part, which applied 
to the Declination at the preceding Noon, according as it is increasing or decreasing, will give the Planet’s 
Correet Declination. 


To Find the Planet’s Polar Distance. 


“4th. When the Latitude and Declination are of the same name, the difference between the Declination 
and 90° is the Polar Distance ; otherwise, their Sum is the Polar Distance. 


To Correct the Latitude to the Time of Observation. 


5th. Find the Difference of Latitude the Ship has made, and apply it to the Latitude last observed. 


To Find the Hour Angle of the Planet. 


6th. Having thus the True Altitude, Polar Distance, and the Latitude of the place, proceed as with the 
ee ‘ find the Planet’s Hour Angle, or Distance from the Meridian, (which with the Sun is the time from 
oon. 


To Correct the Planet’s Right Ascension. 


7th. Take out the Right Ascension from the Nautical Almanac for the Noon preceding the Greenwich 
Date, and also for the nearest Noon following it, arid take their Difference ; then say, as 24 hours is to the 
Differenee in 24 hours, so is the time past Noon at Greenwich to a proportional part, which applied to the 
Right Ascension at the preceding Noon, according as it is increasing or decreasing, will give the Correct 
Right Ascension. 
& 


To Find the Right Ascension of the Meridian. 


8th. If the Planet be to the Eastward of the Meridian, subtract its Hour Angle from its Right Ascension, 


but if to the Westward of the Meridian, add its Hour Angle to its Right Ascension, will give the Right 
Ascension of the Meridian. : 
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To Correct the Sun’s Right Ascension. 


9. Take out the Sun’s Right Ascension and the difference for 1 hour from the Nautical Almanac, multi- 
ply the difference for 1 hour by the time from Greenwich Noon, and add this correction to it. 


To Find the Apparent Time at Ship. 


10. Fronr the Right Ascension of the Meridian, Gnewteed by 24 hours if ented. he Ree the Sun’s 
correct: Right Ascension, and the remainder will be the Apparent Time at Ship. 


To Find the Mean Time at Ship. 
11. Take out the Equation of Time from the Nautical Almanac, and correct it as usual, and apply it to 


the Apparent. Time, according to the precept at the head of the column, and the result is the Mean Time 
at the Ship. (See the Rules at page 124.) : 


EXAMPLE 1. 


April 7th, 1854. Sea Time. In Latitude 28° 26’ North, and Longitude 70° 0’ West, at twilight in the morning 
the observed Altitude of the Planet Venus was 24° 21’ to the Eastwardof the Meridian. Greenwich Time by Chro-: 
nometer, 22h, 16m. 5s, Required the Apparent and Mean Time at‘Ship. Elevation 16 feet. 


Obs, Alt. Venus, 24° 21’ ‘ Dee, Venus, April 7th...... 6° 7' S. Gr. Time by Chro.......22h. 16m. § 5s 
Cor. Tab. XX,Sub. 6 Add 90 Gr Date, April 6th.....22b, 16m. 53 
Venus T, Alt... 24° 15’ Polar Distance of Venus... 96° 7’ | 

Polar Dist. 96 7 . Log, 0.00248 Sun’s R. A. 1h. 0m. 188. Dif, Ih... 9s. 
y : “ 6 - 99 
Latitude...... pierre . Log. D.SEa oS Ven. R. A. t 29°h.27m.28s. Corr.... -Add 3 20 G. T, 22th 
Sum......... 148° 48" Ap. 6th . Corrected. Lh. 8m. 38s, 198 
Half Sum .... 74° 24’. Log. 4.42962 Mate {22 29 44 2 | 2. 
Difference .... 50° 9’. pee es Say as 24h. is to § 2m. 168. 0 is 22h. 16m. rida 60)200 
Venus H.An. 8h. 52m. 35s. Log. 9.8 9.87314 38m. 208. 

R.Ascen. 22 29 34 10.0000 ise Pro, Loge. 
R.A. of Mer.18h, 36m. 59s. .  0,8751 P. Log. of 24h, ‘Table XXXIV. ra of Time. .2m, 805'50 Dif. 1h..°725 
Sun'sR. A. 1 3 _ 88 9.1249 Arith. Complement. - Sub. 16718 ___22¢h. 
App. Time 17b. . 33m, 21s. 1.8999 P. Log of 2m. 16s. ane Eqa. 2m. 14°37 ‘1450 
Equa...Add 2 14 0.9076 P: Log. of 22h, 16m, 1450 
Mn. Time. .17h. 35m. 35s. from Noon, 1.9824 Ero: Log. Cor.—=2m. 68. , . __ 18st 
Bubtract ..12 0 Oh ae Lap: 6th. J Sars ‘i 16°13°] 
Mn. Time.. 5h. 35m. 35s. from mid- Venus R. A, April 6th. 22h: PM dL ets Se Rey 4 Gr me ie 
night, or on the morning of the Correct R. Ascen...... 22h. 29m. 34s. 348. 


7th April, Civil Time. 


EXAMPLE 2 


Dee. 6th, 1854. Sea Time. The Latitude at Noga was 38° 10’ South: and the Longitude by Chronometer 92° 50’ 
East. Ship then sailed 8. W. (true) 40 miles, when the Altitude of the Planet Jupiter observed was 36° 10’ to the 
Westward of the Meridian, at 7h. 15m. by the Watch, at twilight in the evening. Required the error of the Watch 
en Apparent and also Mean Time, at Ship. Elevation 16 feet., 


Jup’r’s Obs. Alt. 36° 10’ Time by Watch....... Th. 15m. 0s. 

Cor, Tab. XX, Sub. 5 Lon. 92° 14’ E. in time. 6 | 8 | 56 Eq. of Time. 9m.12s43 Dif. 1h.1:049 
True Alt.. 86° 5’ Green. Date, Dee. Sth... 1b. 6m, 4g, Correction .. 1 ‘O04 1 
Polar Dist. 68 45 .Log. 0.08058 Correct Equa. 9m. 11839 1s'04'9 

©‘Latitude....: 88 88. Log. 0.10726 poner 3 Dec. No, Dee. 5th, 21° is’ Ss. ‘iy dont}. 

Sum’... i...) 143° 28’ beer ash 

Half Sum.... 71° 44’. Log. 4.49615 Jupiter's Polar Dist. ..:.3 °68°°45" 

Difference ... 35° 39’. Log. 4.76554 go, R.A. 16h. 4 Ju. R.As. } 

6m. 36s. Dif. 1h..11s. 19h. 57m. 183. 
Jup’s HA. 4h. . Om. 293. Log. 9.39953 Correction. 0° 0 11 re ae f ithe ¥ 
HtiAscen: 19 | 57 «15 Corrected ,16h. 46m. 473, Die ath t 19 58 4 
R.A. of Mer.23h.57m, 44’ hall Bape NANNY ay) 
~Sun’sR.A.16 46 47 Lat. Obs. at Nn 38° 10’ S. Long..... 92° 50K, Say a8 24h. is to 318.80 is 1h, 6m, 

ApT.at S'pibi0m.57a  CoS.W.40—D.L. 28 S. Dep. 28 —D.L. 36 W. PeaaG pat ut Log. Farr ine 

Eq,of T,Sub. 9 11 Lat. time sights,38° 38’ S. Long..... 92° 14' Bg S199 Pro: tees Th Bin 

Mn. Time, 7h. 1m. 46s. rarer 

App. Time at Shi . Th. 10m. 57s. 8.6647 Pro. Log. Corr. Om. 4s. 

T.bywateh7 15 0 Time by Wateh Cae Wiis GA io 0 R. Aseen., Dee. 5th.19h. 57 = 13 


W. fast M.T. 18m. 142 RRA LE 
is 13m Watch fast of App. T.. Oh. “4m, 3s Satniy Correet is: Ascen, ...19h, dT. 15% 


* See the Note at page 133, for working by the Proportional Logs. 
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FINDING THE TIME AT SHIP FROM AN ALTITUDE OF A STAR. 


he Time may also be found as correctly by an Altitude of a Star at a distance from the Meridian, at 
twilight, as by the Sun; and the name of the Star of which the Altitude is observed, may be found in like 
manner as the Planets, by referring to the Diagrams and Rules for finding the Meridian Altitude of the 
Stars, at pages 64 and 65. The names of any of the Stars, in Table XIX, when observed out of the Meridian, 
may be found by imagining a point in the heavens, in an opposite direction to the elevated Pole, which is 
equal in Altitude to the Co-Latitude of the place. This point will represent the Upper part or Elevation 
of the Celestial Equator. Then suppose a semicircle drawn from thence through the true East and West 
points of the Horizon, will represent the Celestial Equator. 

Then all the Stais seen to the Northward of this semicircle will have North Declination, and those seen 
to the Southward of it will have South Declination, and it can at once be determined whether the Star 
observed has North or South Declination. Now estimate its distance in Degrees from this supposed line or 
Equator, and enter Table XIX, and find which of the Stars corresponds nearest to this estimated Decli- 
nation. 

The bearing of the Star will show whether it be to the Eastward or Westward of the Meridian. Now 
enter Table XVIII with the day of the month, and find at what time it would pass the Meridian on that 
day. Then, if the Star be to the Eastward when observed, and it is the proper Star, the Table will give 
its Meridian passage later in the day ; but if observed to the Westward, it will give it earlier in the day. 
Thus the Declination and Meridian pasgage will point out the name of the Star. 

And as before stated, all the Stars having North Declination rise and set to the Northward of the true 
East and West points of the Horizon, while those having South Declination rise and set to the Southward 
of the East and West points. 

And in High Latitudes, when their Declinations are of the same name as the Latitude, their Altitudes 
are high, and they pass the Prime Vertical, that is, they pass the East.or West points above the Horizon. 
But when the Latitude and their Declinations are of contrary names, their Altitudes are low, and they do 
not reach the East or West points (at rising or setting) when above the Horizon. 


RULES. 
For Computing the Corrections. 


1. Turn the Ship’s Longitude into Time, and add it tothe Time by Watch, in West Longitude, or 
subtract it in East, will give the Greenwich Date. 


To Correct the Star’s Observed Altitude. 


~ 


2. Take out the Correction from Table XX, and subtract it from the observed Altitude, will give the 
Star’s true Altitude. “3 


To Correct the Star's Declination. 
3. Take-out the Star’s Declination from Table XIX, and the annual Variation ; multiply this by the 
‘number of years elapsed since 1854, and divide by 60, if above 60’, will give the correction in Minuteé 


and Seconds, and apply it according to the sign.of addition (+-) or subtraction (—) found in the Table, 
To Find the Star's Polar Distance. 


Declination and 90° is the Polar Distance,’ otherwise their Sum is the Polar Distance. 


To Find the Latitude at the Time of Observation. 


4. When the Latitude and Declination of the Star are of the same name. the Difference between the 


5. Wind the Difference of Latitude the Ship has made, and apply it to the Latitude last observed. 
To Find the Star’s Hour Angle. | 
6. Having thus the True Altitude and Polar Distance of the Star, and the Latitude of the place, pro- 
eced as with the Sun to find the Star’s Hour Angle, or Distance from the Meridian, (which with the Sun 
is the time from Noon.) . 
To Correct the Star’s Right Ascension. 
7. Take out the Star’s Right Ascension from Table XIX, and the annual Variation; multipty this by 


the number of years elapsed xinee 1854, and divide by 60, (if above 60s.,) will give the correction, whieh 
is always additrve. ‘ 
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To Find the Right Ascension of the Meridian. 


8. If the Star be to the Eastward of the Meridian, subtract its Hour Angle from its Right Ascension. But if te 
the Westward, add its Hour Angle te its Right Ascension, will give the Right Ascension of the Meridian. 


To Find the Sun’s Right Ascension. 
9, Take out the Sun’s Right Ascension, and the Difference for 1 hour, from the Nautical Almanac, for the Nooa 


of the Greenwich Date. Multiply the Difference for 1 hour by the time from Greenwich Noon, and divide by 60 
if above 60). This Correction is always additive. 


To Find the Apparent Time at Ship. 


10. From the Right Ascension of the Meridian, (increased by 24 hours, if necessary), subtract the Sun's Correct - 
Right Ascension, and the remainder is the Apparent Time. 


To Find the Mean Time at Ship. 
11. Take out the Equation of Time, and the Difference for 1 hour from the Nautieal Almanac, and correct it to 


the Greenwich Date by the rules at page 124, and ates it to the Apparent Time, according to the precept at the 
head of the column in the Nautical Almanac, by adding or subtracting it, and the result is the Mean Time at Ship 


EXAMPLE 1. 
February 10th, 1854, Sea Time, in Latitude 40° 10’ N., Longitude 68° 20’ W., in the Evening Twilight, the Oba 
Altitude of the Star Sirius was 12° 29' to the Eastward of the Meridian. The Time by Watch was 5h 28m. Re- 
quired the error of the Watch on both Apparent and Mean Time. Elevation 16 feet. 


Observed Altitude of Sirius 12° 29' Time by Watch........ 5h 28m 0s Sirius’s Declination, 1854.. 16° 31/3 


Corr. Table XX..... . Sub. 8 Long. 68° 20’ W. in time 4 33 20 90 0 
True Altitude.......0+.s- 12° 21’ Green. Date, Feb. 9th...10h 1m 20s Polar Distance.......... 106° 31° 
Polar Distance.... ...---106 31 Log. 0.01830 
POET Pee eae ee 40 10 Log. 0.11681 Sirius’s. Right Ascension, 1854, 6h 38m 436 
IM g's ¢siens si reds eee.es 159° ,.2’ ; 
BOOLESIN oo esc ccs sc ae 79° 31’ Log. 4.25995 Sun's R. A, Feb. 9th 21h 31m 348 Diff lh........108 
Difference.......... weeee 67° 10! Log. 4.96456 Add 3) Bo) 40 10 
Siriue’s Hour Angle... 3h 48m 40s Log. 9.35962 Correct Right Ascen. 21h 33m 14s 60)100s 
Siriue’s Right Aseen.... 6 38 43 1m 40s 
R. Asecen. of the Mer.. 2: 50m 33 Time by Watch.... 5h 28m 0s 

. Add.294 "0 0 Apparent Time..... 5 16 . 49 
Increased R. A. M.....26h 50m 3s Watch fast...... -- Oh 11m 11s of Apparent Time. 
Sun’s R. Ascen.......21 33 14 
App. Time at Ship.... 5h 16m 498 Time by Watch.... 5h 28m. 0s 
Equation.......-Add 14 32 Mean Time........ 6s 31.2) 
Mean Time at Ship... 5h 31m 218 Watch slow........ Oh 8m 21s of Mean Time, 

EXAMPLE 2 


May 18th, 1854, Sea Time. Ship's position at the preceding Noon was Latitude 37° 44’ S., Longitude 68° 9’ K 
She then sailed E. 8. E.,, 120 miles, until 4h 40m A. M., when the Altitudes of Antares was observed 42° 36’, to the 
Westward. Required the error of the Watch on both Apparent and Mean Time. Elevation 18 feet. 


Obs. Alt. of Antares.... 42° 36’ Time by Watch.... 4h 40m Antares’s Declination 1854 26° 6'°3 
Corr., Table XX...Sub. Atte Wl Add.12 0 90° hia 
True Altitude. ......... 42° 31’. From preced. Noon. 16h 40m = Antares’s Polar Distance... 63° 54” 


Polar Distance.....++- 63 54 Log. 0,04671 Lon. 70° 30'E.in T.. 4 42 
Latitude. ......+++++++ 38 30 Log.0.10646 @ Date, May 12th..11h 58m Antares’s R. A, 1854, 16h 20m 249 


Difference. ......".«.'.- 29° 67 Log. 4.69881 Course E'S. 120mla D.L. 0 46.8, Dep. 111 = Dif, t 7 91 EB 
Antares’s H. Angle 8h 40m 27a Log. 9.33042 Lat. in at Time of Sights...38° 30'S, a 


Antares’ Right A..16 20 24 Longitude in.......70° 30’ E 

R. Ase. of the Mer.20h Om 51s Sun’s Right Asconsion, May #2th, 3h 15m 508 Difk lh = 10s 

Sun’s R. Ascen..... 3 17 50 | Add + thas i 12 

App. Time cont 16h 43m 1s Sun’s Correct R. A.....6..----. 83h 17m 608 60)120s 
previous Noon. - ; “Om Os 
| Snub. 12 0 0 Equation of Time.3m 529834 Diff lh ‘53 

App. T. at Ship.... 4h43m_ le Cane eee aes Add 63 12h 

qua. of Time.... 3 53 3m 62897 Corr. °63°6 

Mean T. at Ship... 4h 39m 8s _Apparent Time at Ship.... 4h 43m 1s 

‘’. by the Watch.. 4 40 0 Time by Watch....... ess Oe 


Wateh Fast ..... Oh Om 5280f Mean Time. Watch Slow...............0h &m 1s of Appareat Time 
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FINDING THE LONGITUDE BY CHRONOMETER., 


The Cause of a Ship Losing or Gaining Time. 


Having thus given all the most practical methods of finding the Time at Sea, it will be necessary, before 
proceding to find the Longitude, to premise, that when a Ship sails Westward she loses Time: that is, the 
Time shown by the Watch, which was regulated to Apparent Time on the preceding day, will be in advance 
of that found by observation on the following day. And that when a Ship sails Eastward she gains Time. 
that is, the Time shown by the Watch, which was regulated to Apparent Time on the preceding day, wil? 
be behind that found by observation on the following day. 


The Rotation. of the Earth is the Cause of the Difference of Time between Places. 


The velocity of the Earth’s rotation on its axis from West to East, is 360° in 24 hours of time, or at the 
rate of 15° to the hour, and 1° to every 4 minutes. It is evident that any place that lies Eastward of 
another place, will come sooner under the Sun, or will have the Sun earlier on the Meridian, consequently 
the hour of the day will be in advance of the other. On the other hand, any place that lies to the West- 
ward of another place, will be later in coming under the Sun, or will have the Sun later on the Meridian, 
consequently the hour of the day will be behind that of the other. Thus, at a place, say Greenwich 
Observatory, situated 74°, or 4h 56m in time, to the Eastward of New York. when it is Noon at Greenwich, 
it wants 4h 56m of being Noon at New York; and when it is Noon at New York it is 4h 56m past Noon 
at Greenwich. And at a place, say San Francisco, situated 48°, or 3h 12m in time, to the Westward of 
New York, when it is Noon at San Francisco it is 3h 12m past Noon at New York. and when it is Noon at 
New York, it wants 3h 12m of being Noon at San Francisco. Hence the difference of Time between any 
two places, indicates their difference or Longitude. 


Longitude Reckoned from the Meridian of Greenwich. 


Longitude is reckoned from a first Meridian, and in this work we use the Meridian of Greenwich as a 
first Meridian, and from which the Longitude is reckoned Fastward 180° and Westward 180°, which, 
together are equal to the circumference of the globe. : 


On Circumnavigating the Globe, steering West, Ship loses one Day. ' 

Suppose a Ship to sail from Greenwich, with her Chronometer accurately set to Greenwich Mean Time, 
and steering to the Westward, when she has made 15° of Longitude the Mean Time at the Ship will be 
found to be 1 hour. behind that by the Chronometer. She has therefore lost 1 hour of time. And sup- 
posing the Ship to continue her course to the Westward until she reaches the Longitude of 180° W., the 
Mean Time at the Ship will be 12 hours behind that of the Chronometer, and she will have lost 12 hours 
in time. The Ship being now in East Longitude, and continuing her course to the Westward, her Longi 
tude decreases, and finally, when she arrives again on the Meridian of Greenwich, (after circumnavigating 
the Globe) it will be found that the Mean Time at the Ship is 24 hours behind the Mean Time at Green 
wich, consequently she has lost one entire day on the voyage. 


On Circumnavigating the Globe, steering East, Ship gains one Day. 

On the other hand, a Ship sailing East from Greenwich. under the same circumstances, when she has 
made 15° of Longitude, the Mean Time at the Ship will be found to be 1 hour in advance of the Green- 
wich Time by Chronometer, and she has therefore gained 1 hour of time. And continuing her course to 
the Eastward until she reaches the Longitude of 180° E., the Mean Time at the Ship will be 12 hours in 
advance of the Greenwich Time by Chronometer, and she will have gained 12 hours of time. . Being now 
in West Longitude, and continuing her course to the Eastward, her Longitude decreases, and finally, when 
she arrives again on the Meridian of Greenwich, (after cireamnavigating the Globe), it will be found that 
the Mean Time at the Ship is 24 hours in advance of the Mean Time at Greenwich, consequently she has . 
gained one entire day on the voyage. 


In Circumnavigating round by the West, one Day is subtracted from the Greenwich Date. 


In the case of Cireumnavigating, the general practice is, that when on reaching the opposite Meridian 
to Greenwich, (or the Longitude of 180° W.), in sailing round by the West. into East Longitude, and with 
the view of making the general rule applicable, which is. that the Greenwich Time should be tlie least in 
East Longitude, we subtract one day from the Greenwich Date. so that when the Ship arrives again on the 
Meridian of Greenwich, the time at Ship, and the Greenwich Time by Chronometer will coincide. 


* & e 
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In Circumnavigating round by the East, one Day 1s Added to the Greenwich Date. 


In Circumnavigating round by the East, the general practice is, that on reaching the opposite Meridian 
to Greenwich, or the Longitude of 180° E., thence passing into West Longitude, and with the view of 
making the general rule applicable, which is, that the Greenwich Time should be the greatest in West 
Longitude, we add one day to the Greenwich Date, and on the Ship’s arrival again on the Meridian of 
Greenwich, the time at Ship will coincide with the Greenwich Time by Chronometer. 


On Ascertaining the Greenwich Time from the Chronometer. 


As only 12 hours are given on the face of the Chronometer, it shows only the time after Noon or Mid- 
night, therefore when it is A..M. at Greenwich, by adding 12 hours to it, we have the time since the pre- 
ceding Noon. 

If it shows P. M. at Greenwich, the Noon of the present day will be the preceding Noon at Greenwich, 
or the beginning of the Astronomical day, which, with the day of the month prefixed, is called the Green 
wich Date. 


To know whether the Time by Chronometer is P. M. or A. M. at Greenwich. 


To the Astronomical Mean Time at the Ship (which is found by taking one day from the Sea Date, and 
counted through the 24 hours), add the Ship’s Longitude in time in West Longitude, or subtract it in Kast ; 
the Sum or Difference will be the Mean Time at Greenwich. Jf it be less than 12 hours, the face of the 
Chronometer will show P. M. at Greenwich; but if the Greenwich Time be more than 12 hours, the face 
of the Chronometer will show A. M. at Greenwich, to which we must add 12 hours to get the Time from 
the preceding Noon, 


3 
: 


Longitude ts the Difference of Time between two Meridians, and how Found. 


st will be perceived, from the above remarks that Longitude is merely a question of the difference of 
Time between two Meridians. If we, therefore, have the correct Mean Time at the first Meridian of 
Greenwich, shown by a Chronometer, we can at any time find the Longitude of the Ship by simply taking 
the difference between the Mean Time at Greenwich and the Mean Time at the Ship, found by any of the 
snethods already given in this work, which, turned into Degrees and Minutes, by Table XXVI, is the Shiy’s 
Longitude. 
Then, if the Greenwich Time be greater than the time at the Ship, the Longitude is West; but if the 
Greenwich Time is the least, the Longitude is East. 
When one of the Times is P. M. and the other A. M. on the same day, we must add 24 hours to that at 
P. M., and take their difference for the Longitude in time. 
And when the P. M. and A. M. Times fall on different dates, their difference, counted from their preced- 
ing Noons, is the Longitude in Time. 


Rate of a Chronometer. 


The Chronometer would therefore be a most useful instrument, were it to keep a steady uniform rate 
throughout the voyage, and nothing more would be required ; but as this is seldom the case, (see remarks 
at Pages 79 and 80), it is necessary that it should be verified from time to time during the voyage, in order 
to ascertain its error on Greenwich Mean Time, at the place of ree and its present rate. The 
manner of doing this will be found at page 155. 


_ Method of Keeping an Account of the Rate. 


Calculate the daily error of the Chronometer on Greenwich Mean Time by applying the Rate for each day 
‘for several days in advance, and write it on the margin of the Nautical Almanac, each day’s error opposjte 
the day of the month. So that the error of the Chronometer can be taken out and applied at once from 
the same page that the Sun’s Declination and Equation of Time are taken from. This will be found a 
very convenicnt mode, and save some time and trouble. 


To Find the Accumulated Error of a Chronometer, after a lapse of Time. 


Multiply the Daily Rate, which is generally given in Seconds and Tenths of Seconds, by the days 
apsed since the last Kate was ascertained, and divide by 60, (if it is above 60), will give the accumula. 
ted Rate, 1. .finutes and Seconds. This applied to the original error, 


Fast, and the Daily Rate Gaining, Add, 
Slow, and the Daily Rate Gaining, Subtract, 
Fast, and the Daily Rate Losing, Subtract. 
Slow, and the Daily Rate Losing, Add, 


When the Chronometer is | 


wilt give the whole error of the Chronometer on Greenwich Mean Time on that finbh ; and itis apphed r= 
the same mauner as for a common watch, and requires no explanation. 
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Mode of Observing Altitudes. 


In taking Altitudes of any of the Heavenly Bodies, for the purpose of finding the time at the Ship, the 
times by Chronometer at which they were observed, must be ‘noted, and the Altitudes are then added 
together and divided by the number taken. The times by Chronometer are in like manner added together, 
and divided by the number taken. This gives the Mean of the Altitudes, and the Mean of the Times 
by Chronometer. By this mode we are supposed to obtain a more correct result by taking the Arith- 
metical Mean of the Altitudes than can be obtained from one Altitude alone. At all events, it prevents 
mistakes in the readings off. (See also the method given at page 124.) 


The Times at which the Altitudes were observed to be taken by a Watch. 


As the Chronometer must, on no account, be removed from the place where it has been fixed for the 
voyage, it may not be convenient to note the time direct from the Chronometer at the time of taking the 
Altitudes, and in that case we use a Hack or common Watch, furnished with a Second Hand, with which 
the Times of the Altitudes are taken. It is then immediately afterwards compared with the Chronometer, 
and their difference noted. ‘This difference being then applied to the Mean of the Times by Watch, at 
which the Altitudes were observed, will give the Time of the Altitudes by Chronometer. Its error being 
then applied, we have the Greenwich Time. “ 

The Mean Time at Ship by an Altitude of the Sun is then found in exactly the same manner as that given at 
page 124, using the Greenwich Time by Chronometer, in making the Corrections, in the room of the approx- 
imate Greenwich Time. The following is an exumple of the whole process, as is usually done at Sea, and both 
Latitude and Longitude found at Noon. 


EXAMPLE 1. 


March 6th, 1854 (at the end of the Sea Day), a Ship which sailed from her last port 5 days previously had the 
following observations in the morning: The. Krror of her Chronometer on Greenwich Time, March Ist, was 0h 2m 
14s fast, and the Daily Rate 2s and 6-10 gaining. Ship sailed N. W. 50 miles until Noon, when the Sun’s Merid- 
ian Altitude observed was 45° 32'§,, and the Longitude by Dead Reckoning being about 54° W. Required her 


Latitude and Longitude in at Noon. , 
Sun's ‘Obs Altitude E."Dimib F108 12s les ok mela as Timesiby, the Watch:?.. 0... «es, ame Th 1lm 24s 
| Ye Fe eee Meier pdm ee SMe dey vet leg Dione 0 12 30 
DSB st dia oe wid ope¥ ehel ewok ae) = «pug pails >! © 5 jeluim tale ted mats ing ie aie ee bo 0 13 59 

Mean‘ of the Altitndes. ES 20° Os ee ee oto Mean of the Times by Watch........... Th 12m 3538 
Corrayavle sx. oa 5 2's Add 7 Comparison Chro, fast of Watch.......... 3.49 54 
Sun’s True Altitude.......... 10° 30° Time by Chronometer A. M........ ... lJh 2m 298 
Sun’s Polar Distance.......... 95 41 Log. 0.00214 Accumulated Error Fast............ Sub. 2 27 
Lalitude......-+-seeeeeees 38 5 Log. 0.10596 Greenwich Time from Midnight......... 1th Om 26 
SQM gee ron ch sah cece 144° 16’ Add. 12 0 @ 
Pell SUM LP ciisie sein cee winiecaists 72° 8" Log. 4.48686 Greenwich Date, March 5th............> “23h Om 238 
Difference......... .-2+-2--- 61°38’ Log. 4.94445 Mer, Alt. Oba....... 45° 32'S, Diff. Decl.  th=58 
Apparent Time............19h 12m 24s Log. 9.53741 Corr., Table IX. -Add 11 Cor. for Ln. 54°W. 3th 
Equation of Time.....Add 11.33 True Altitude....... 45° 43' 174" 
Mean Time?’ ... 6a 0s 19h 23m 563 Zenith Distance..... “44° 17'N, 29 
Greenwich Time........ 23% 0, 2 Declination. ...... S46 asitss. 60 )203 ” 
Longitude in Time........ 3h 36m 6s= 54° 1' 30” W. Lat. at Noon...... (38°40) Ne Corr. ck ae 3' 2470, 
Departure made to Noon, 35’=Diff. Long. 45 0 W.CourseN.W.50mD.L. 35 Decl ....5" 40" 08 
Long. of the Ship at Noon....... ha. seh G4° 4630 N., baty at. Sighte;van ae 38° 5’ N. Decl.... 5° 36°37"8, 

To find the Comparison. Sun’s Dec. Noon, March 6th. 6° 40’ 2’ S. Diff lh. .58” 
Time wy CNrONOMeter aig ak onic la's s og eins l1Jh 5m 654s Corr. lh before Noon. .Add 58 
PMN LWA CIN las ols Wis 510 Ada gy oes. ape aia Suwa ya 0 Corrected Dec.......-..--- 5° 41° 0” 
Comparison Chro. fast of Watch........... 3h 49m 54s 90 0 0 

Polar Distance........... .95° 41” 0” 

To find the Error oj the Chronometer. 
Chronometer fast. March Ist......-.....000 Oh 2m 14s Equation of Time...........11m 31s “74 Diff. lh 60°32 
Days elapsed 5, daily rate 23 6-10 =....... 13 Corr. lh before Noon. ...Add “60 
Aooumolated. Mrror 2's sas wes wuss wpe a sw ole be Oh’ 2m’ 278 Correct Equa... ... 50.6 dies 11m 32s ‘34 


RULE FOR TURNING TIME INTO LONGITUDE BY COMPUTATION. 
Turn the Hours into Minutes, and divide by 4. This gives Degrees, Minutes, and Seconds. 
- Example.—3h 36m 6s is 216m 6s, which, divided by 4, gives 54° 1’ 30”. 
RULE FOR TURNING LONGITUDE INTO TIME BY COMPUTATION. 


Multiply the Longitude by 4. This turns the Degrees into Minutes of Time (which, divided by 60, gives Hours 
and Minutes), the Minutes of Longitude into Seconds of Time, and the Seconds of Longitude into Thirds of Time, 


- Example.—Longitude 54° 1’ 30", multiplied by 4, gives 216m 6s = 3h 36m 63. 
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KINDING THE LONGITUDE BY CHRONOMETER FROM THE SUN’S ALTITUDE. 


Referring to the 1st Example, it will be perceived that the Time shown by the face of the Chronomete: 
is 11h. 2m. 29s., and the accumulated Error subtracted, would give the Greenwich Time from midnight. 
11h. Om. 2s. The Mean Time at Ship, from the preeeding midnight, being 7h. 23m. 56s., their Difference, 
3h. 36m. 6s., is the Longitude in time. This mode of reckoning the two times from the same midnight is 
frequently done at Sea, because it is more convenient than to reckon them from. the preceding Noon. The 
result in either case is the same. The Time from Noon, A. M., in the one case is found by subtracting it 
from 24 hours, and in the other from 12 hours. 

In the Example referred to, the time from Noon is 1 hour, and the difference of the Sun’s Declination 
and Equation of Time for 1 hour. in the column of the Nautical Almanac, is the correction required, to 
he applied as directed at page 124, No. 7. 


_ RULE 
For Correcting the Sun’s Declination at Noon of the Ship by the Nautical Almanac. 


Multiply the difference for 1 hour by the Longitude in Time, and divide by 60, if requiwed, will give the 
eorrection in Minutes and Seconds, to be applied to that taken from the Nautical Almanac, as follows: 
Increasing, Add, 

Decreasing, Subtract, 
Increasing, Subtract, 
Decreasing, Add, 


‘In West Longitude and Declination . . .°. . . 1. e 6 


Peeeeen soneitude.and Declination . 4. |. «se euel bh elke oe 1 


RULE 
To Reduce the Longitude by Chronometer at Time of Sights to Noon 


fake the Latitude in as a Course, and the Departure made in the interval, in the Latitude column, the 
Difference of Longitude is found in the Distance column. Apply this as follows: 
Sailing West, Add, 
Sailing East, Subtract, 


Sailing West, Subtract 
Observation taken in the afternoon, in West Longitude . . . . } ailing Haat Add. ’ 


Observation taken in the morning, in West Longitude . . . . } 


To or from the Longitude by Chronometer, will give the Longitude in at Nvon. 
By substituting East for West, the same Rule may be applied in East Longt:ude. 


EXAMPLE 2 


- April 2d, 1854. (End of the Sea day) The Latitude observed was 30° 87’ North. Ship then sailed S. E. (true) 
60 miles, when the following observation was made ix the afternoon, the Error of her Chronometer on Greenwich 
Mean Time, on the 23d of March, was ascertained to be Oh. 9m. 81s. fast, and the daily rate 3s 4-10th losing. Re 
quired her Longitude in at time of Sights and Noon. 


MEMO Alt, foes 1001S)... 6. ee ee Times by Watch...5h. 24m. 0s.- = 7b find the Comparison. 
He Deverein cigak ca ba eslan ane da ad oy aes 25 O Time by Chro.. Sh, 42m. 48s 
DRT wes ster eee y Deidre calele neha aie 26 0 Timeby Watch,5 28 0 
3)30° 0’ 3)75m. Os. Gomparison.. 3h. 14m. 488 
Mean of the Alt........ 10° 0’........ Mn. of the Times by W... 5h.25m. 0s. 
Corr., Table IX ... Add gaa Se ei La Comparigon...... 8 14 48 
CR Le ee oS COTY Ciena p eee ..... Time by Chro..... 8h. 39m. 48a. - 
Polar Dist...... ee. «. 84° 67’... Log. 0.00169 Accumu.error:.Sub, 8 57 
Latitude'...5. weee- 80) «2... Log. 0.06262 Gr. Mate, April 2d.8h. 80m. F - 
Bariieis's.. 5's < s Q ROLE 126°. 6' Sh: fast, sare tou. ah. 9m. Bia 
Half Sum .......... 62° 33’... Log, 4.66368 Days clap. 10. Rate 33. 4-10th 34 
Difference. ....... .. 52° 26’... Log. 4.89908 Accumulated error.....0h. 8m. 578. fast 
Reetime...... bh. 24m, 84s....Log. 9.62707 . \ NRE ana 
Rauation: Add Ae ppt 6 i Sun’s Declina, April 2d... 4° 54' 55” N. Dif. lh.......... 57" 
Bee a Correction. ......... Add 8 4 Time from Noon. 8th 
Mean Time..... 5h. 28m, 298. sha Dale he Rides bs 
Beet hime 8 30 51 Correct Declination...... 5° 9' 59! eh 
| Rn er et te 90 0 0 2 

Long. in Time .. 8h. 2m. 228.==45° 35’ 30” W. ; TAS Ris asian 
Bade since Noon 35’ ==Diff. Lon. 40 30 - Polar Distance..........84° 57° 1" at dene 
Long. in at Noon.........- o  AGIO OL Ww 84 

Co: iles, D. Lat. 35’ Dep. 36’ Equation of Time, April 2a.. 8m. 41s71 Dif lh... . 5 760 

Spied he e vee | 30° 37! NE Correction.......6......Sub. _ 6°37 Timefr.N’n, | 8$h 

Lat. Time of Sights...... - 30% 2° N. 3m. 36634 ita 4 


Norr.—The Longitude obtained from Morning Altitudes and brought on to Noon, very seldom agrees with the Lon- 
“gitude obtaired from Afternoon Altitudes and reduced back to Noon. This is supposed to be caused by unequal 
refraction in the Atmosphere, together with errors in the observed Altitudes, errors in the Instruments, and that of aa 
incerrect Latitude used in the computation. . ri 


142 ; NAUTICAL ASTRONOMY. 
FINDING THE LONGITUDE BY CHRONOMETER FROM THE SUN’S ALTITUDE 


EXAMPLE 3. 


M: 854. (End of the Sea day.) A Ship being in South Latitude, and in about 77° East Longitude, 1. 
4 ET ves of several Ri of the ihe was observed to be 12° 10’, and the Time by the Watch Sh 
10m. 203., which, on being compared, was found to be fast of the Chronometer 5h 15m 38s, and on the 80th April 
this Chronometer was found to have been slow on Greenwich Mean Time Oh 5m 10s, and the rate losing duily 
4 eec,and 7-10th. Ship then sailed on a S. E. Course (true) 20 miles, until Noon, when the Sun’s Meridian Altitude 
observed was 33° 14’ N. Required her Latitude and Longitude in at Noon. 


Sun’s Obs. Alt. 12° 10 Time by Watch........ 8h 10m 203 , To find the Compari 
: <i parison. 
Cor., Tab. IX . 8 Comparison:........+6% 5 15 38 Time by ‘Chronometer. 2h 67m 42s 
True Alt..... 12° 18’ Face of Chro. A. M...... 2h 564m 428 pine by Watch......-- 8 13 2r 
Polar Dist... 109 54 Log. 0.0267 4 Accum. Error sha tock oie Addi)” G's Gti garicon edn ai y 
Latitude..... 36 25 Log. 0.09485 G, T. from Mid......... 3h 1m 26s 
Sum........158° 37’ Addi2h 0 0 Ghro. Slow, April 30th....0h 5m 10s 
Half Sum... 79° 184’ Log. 4.2€840 Gr. Date, May 19th.... 15h 1m 26s Days elapsed 204s.7-10th == 1 34 
Difference... 67° 04’ Log. 4.96405 Subtract from ........ pee he peg Accumulated Error...... Ob 6m 448 
App. T.. .20h 13m 6s Log. 9.35364 Time Before Ndon sie: 8h 58m 34s ° 
tke g. 9. 
Fay hs ie: ee Sun’s Dee. 20th May....19° 5819” N. Diff. lh....... ‘S1" 
rhe ee pe so a Correction ........ Sub. 4 39 Before Noon .. 9h 
r. Time a AERTS. 
b ——____— C t Declination ....19° 53’ 40” 60)279 
Lon. in T. 5h 7m 62 76°58’ 0” E. eee ae ee 0 - see 
Dep. made me Bo J 90° O30 orrection... 4°39 
to Noon t Ua ee Polar Distance........ 109° 53’ 40” 
ae eee t pa sia 77° 15' 30" E. Meridian Altitude........... pence nae 33° 14’ N. Dif. Dec. 1Lh==31" 
11 Long... 77°== 5h 
88° 25’ 60)155 
Eq. of Time. .3m 46815 Dif. 1h .-140 Zenith _Dinkance; ifse+ alec e.cd okies & “66° 35’ S. 2° 35" 
Correction...Add 1°26 Bet.N. 9h — Declination............005 bites Se 19 56 N. Dec.. 19° 58 19 
Correct Eqa..8m 47s'41 Corr..1'260 Lat. of Ship at Noon..........06- 36° 39'S. 19° 65’ 44" N 
Course S. E. 20 miles. Dif. Lat.... Rs 
Latitude at Time of Sights ... .... 36° 25’ S. 


EXAMPLE 4. 


October 10th, 1854. (End of the Sea day.) Latitude observed at Noon 20° 41’ South, Longitude in by Dead 
Reckoning 179° 30’ East, at Noon. Ship had sailed N. E. 54 miles since Noon, when the Mean of several Altitudes 
of the Sun was observed to be 18° 45’. Time by Watch 4h 40m 35s, which, on being compared with the Chronome- 
ter, was found to be fast of the Chronometer Oh 14m 22s, and on the 10th of September this Chronometer was slow 


of Greenwich Mean Time 0h 10m 26s. and gaining 6s. 2-10th per day. Required the Longitude of the Ship at the 
time of the Sights and at Noon. 


Time by Watch:. cf. 0895 => « 4h 40m 35s 
Sun’s Obs. Alt......... RE a Chg ES Comparison. ..........000% 0 14 22 
Correction, Table IX... Add ee Face of Chron. A. M.......- “4h 26m 13s 
True: Alitudg cosh eke aes th 18° 54’ Add. 12. 0" @ 
Polar Distance ...........- 83 29 Log. 0.00282 Time by Chronometer...... “16h 26m 138 
Datituder. oi. .\-h aaa awe eis _ 20 38 Log. 0.02715 Accum. Error, slow.... Add " 650 
SUM. oe ee cece eee e serene: _122° 26’ Gr. Date, Oct. 9th......... 16h 34m 3s 
Half San, Y.. 24. ie cae eietate 61 13 Log. 4.68260 Subtractifrom . 42. kalkis.ne 1% ae 
DUERMO Hye winies sic sob des “42°19 Log. 4.82816 Time Before Noon......... Th 25m 57s 
AP PRALINE o50 sas ees > 4h 48m 538s Log. 9.54073 
Equation of Time.... Sub. 12 50 Chron. slow, Sept. 10th...... Oh 10m 26s 
Mn. Time at Ship, Oct. 10th 4h 36m 3s Days elaps. 30. Rate 5s 2-10th. 2 36 
Add 24 0 0 Accumulated Error......... Oh 7m 50s 


Mn. Time at Ship, Oct. 9th 28h 36m 3s 


1 To find the Comparison. 
Mn. Time at Green. Oct. 9th 16 34 8 if 


Time by Chronometer... 4h 29m 18s 


Long in'Timese. 35 hes 5 12h 2m 0=180° 30’ 0” E. Time by Watch.... ... 4 43 35 
Subtract from ory £6 5Us gowns ecu cha hs 360 0 0 Womparison™.'s. Js'0g sae Oh 14m 22 
as ° a? + ° 7 . 
ine eae i oh ae ‘D. Long. the a ae ¥ Sun’s Dee., Oct. 9th... 6° 37’ 30" S. Dif. Lh==57” 
Reckoned from Greenwich ...........- 180° 10’ 0” W Correction.;......Bub. 6058 Woke 
iibthact. trom se eae ee nas a a ats $60 0 0 Correct Declination. . . .6° 30° a a. ie 
png. ° ° lant 90 0 eh ao 
Long. of Ship at Noon ............... 179° 49’ 30" & PAOD ees 61 33" 997 98" 60)418 
Corr. 6’ 58’ 
Jat Obes." Noor yf. 5 1 20° 41'S, Equa. of Time...... tem hae big 
Course N, E. 54 miles—Dif, Lat. Sub. 0 38 Correction ..... Sub 4°74 wi 18% 
Lat. at time of Sights ............. 20° 38'S. Correct Equation... .12m 50s'44 rays 


Corr.:4°745 


Nore.—In the 4th Example the Ship has crossed the Meridian of 180° East, in the interval between Noon and. the 


time the Sights were taken in the afternoon, having passed from East into West Longitude, and if bound to the Kast- 
ward, we would add one day to the Greenwich Date. (See page 189.) 2 


FINDING THE LONGITUDE BY CHRONOMETER. 143 
EXAMPLE 65. 


August 5th, 1854, (end of the Sea day,) a Ship being in North Latitude and about 179° West Longitude. In 
the Morning the Sun’s observed Altitude was 35° 6’, and the Time from the Face of the Chronometer was 8h 39m 
22s. (being P. M. at Greenwich,) which was fast of Green. M. T. Oh 30m 35s. Ship then sailed due West 48 miles 
until noon, when the Sun’s Meridian Altitude observed was 76° 11'S. Required the Ship’s Latitude and Longitude 
in at Noon. 


Sun’s Observed Altitude..... . 35° 6’ Time by Chronometer. ....-.++«- ... 8h 89m 228 
Corr, Table IX......-- Add. ol Chronometer fast of Greenwich...... 30° 35 
True Altitude. ..... 26-0262 85° 17 Greenwich Time Aug. 5th.......... 8h 8m 47sP M 
Polar Distance......-.ee-+e: 73 4 Log. 001925 Add. 24h Om Os 
Latitude... ...seeeeeeeeeres 30 30 Log. 0.06468 Greenwich Date Aug. 4th.......... 32h 8m 478 
SPAT ees se pientcess aec* 138° 51’ ; Pixige 
MEE yds ys coos a's e « 69° 26 Log. 4.54567 Meridian Altitude...........76° 11'S. Dif. Dee. 41 

‘for 34° 9’ Log. 4.74924 OT Micetalcfe sim + wieisy0' airs Add. 12 12h 
Difference. map ninn adit ae +2 > 9’ Log. 4.7492 meni nele eae "6" 5a" 60192 
Apparent Time..........46. 20 6° 44’ Log, 9.37884 ‘ (ir ee ee — ——, 
Equation of Time........Add 5 43 Zenith Distance.....+...-. 18°. 87° No’ - ; 8’ 12 
Mean T, Ship Aug. 4 ....20h 11m 278 Declination SR tt ia riB «Be 8.1 ATS Eo 6. 
Green, Date, Aug. 4.......82 8 47 Latitude at Noon......... 30° 30° N, D.16° 51’ 48" & 
Longitude in Time........ 11h 57m 20s=179° 20’ 0” W. } ae ° " : 
Departure made to Noon, 48=Diff. Long. 55 45 W. Sun's Declination...... rat 17 , tes N,, Dif. 1h ae 
Reckoned West from Greenwich,........ 180° 1545" W. Correction. . LR a he * para 

ube trom. .. 360 O 0 Correct Declination........ 16° 55 34 N. _)828 | 
Long. of the Ship at Noon............6: 179° 44’ 15" E. 20g aC 5' 28" 
Polar Distance yoc.'e is3 ons Wx 4° 2B" 

Norr—Here the Ship has crossed the Meridian of 180° : 
West, between the time the Sights were taken and Noon, Equation of Time..... ...... 5m 448 64 Dif. 1h 0°258 
and she is now in East Longitude. We therefore Sub- Corr......... cece ee oe Sub. 2 °06 8h 
tract one day from the Greenwich Date, if the Ship is andy tf : Kin A pli @ OnRA 
Saudi iiesti's Seerpeje’189. Correct Equation............ 5m 423 °58 2°06'4 

EXAMPLE 6 


‘November 28th, 1854, (end of the Sea day,) the Sun’s Altitude in the Forenoon was observed to be 50° 25', when 
the Face of the Chronometer showed 9h 33m 10s A. M. at Greenwich, and which was correct for Greenwich Mean 
Time. Ship then sailed E. by N. 31 miles, when the Sun’s Meridian Altitude observed was 68° 23'S. Required 
the Ship’s Latitude and Longitude at Noon, 


Sun’s Observed Altitude...... 50° 25’ BUDE IRaFer te ce Sena e'e cs crate 12h Om 88 
SeUTEE LEDGE XT. Ghcsle'ss'e cc os 11 Greenwich Time by Chro...... 9 383 10 
PE TOe ALItUdG, «2/00... .00 veces 50° 36’ Time before Noon...........- 2h 26m 50s 
Polar Distance. ...........6+: 68 42 Log. 0.03073 Sun’s Meridian Altitud 68° 23'S ; 
SS ae 004 Leg. 0.00000!) iGorrection © ocho ico a 
SUM... see ee cece eee eee 119° 18’ Teeth ltitede.c:5.5 seem oes ao ose "68° 35! 
PRMEER EME coriels alaist Gago + one's 59° 39’ Log. 4.70358 Zenith. Disthnder ne mower on koe 21° 25'N. 
POEOrGHe #< © sib ious ¢ Steed 6, 0:0i= 9° 3’ Log. 4.19672 Declination’. < (teas « «22 ae F119" 8. 
Apparent Time........... 9h 44m _ 9s Log. 8.93098 Latitude in at Noon.............. 0° 6N. 
HgUAtON sa Oe oko s voce, 0 1l ‘54 Course E. by N. 31 miles D. L....... 6—& Dep. 38 
Mean Time at Ship........ 9h 82m 15 from Midnight. Lat. time of Sighta................. 0° 0’ 
Greenwich Mean Time......9 83 10 from Midnight. Sun's Declinati ¢ oo’ Aye, esa" 
. . asl aan Gg Se Woy ° , t un ee ee ee re a ae oe '. * 3 
Boor We Lime tees ce wt. whe Oh Om 55s=—= 0° 13’ 45” W. 7 a xine 21 oH =m : F 
Departure made to Noon 30—Diff. Lon. 30 0 E. antes UPA 8 Fn) SR ay ETT eg 
a i Noon Sle aye bt lod | 16 15” na Aop Ceo cere rece sce scces 44 0. 
senso et sD : ae Polar Distance.e sees Belek 68° 41! 44" © 3 
6B" 
Norr.—Here the Ship has crossed the Meridian of Pasaaen Of Time... +. ++ 00.. 11m 52s ‘4 Dif. are 
Greenwich, between the time the Sights were taken and : ; baler. 
Nosusfrot West into Rast Lobgitu da Correction Wadine aia ath ai tial aiaete ee al 1742 
Equation...... AEE Pr cocessee L1m 548 ‘21 436 
2177 


QUESTIONS FOR EXERCISE. | 


Quest. 1. July 20th, 1854. Inthe Morning the Sun’s observed Altitude was 33° 19’, when the Face of the Chron, 
showed 9h 28m 40s A. M. at Green, and which was fast Oh 5m 47s S. Ship sailed on aS. S. W.4 W. Course 32 miles. 
until Noon, when the Lat. Obs. was 26° 27’ N. Required the Long. of the ay at the time of the Sights and at Noon. 

Answer.—Longitude at time of Sights 21° 12’ W., and at Noon 21° 29’ W. 


Quest. 2. September 25th, 1854. In the Afternoon the Sun’s observed Altitude was 18° 20’. Time by the Chrou 
Oh 7m 88s, being P. M. at Greenwich, and which was fast Oh 7m 2s, The Latitude observed at Noon was 37° 57'S 
and the Course was E. N. E. 29 miles since Noon. Required the Long, in at the time of the Sights and at Noon. 

Answer,—Longitude at time of the Sights 64° 49’ E, and at Noon 64° 15' E. . 
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TO CORRECT THE LONGITUDE BY CHRONOMETER AT NOON WHEN THE LATITUDE 
IS IN ERROR. 


In the foregoing Six Examples the Latitude used in computing the time at Ship has been deduced from 
the Latitude by Observation at Nodn, and when the Altitudes are observed in the morning we have in 
that case to wait until Noon, before the Ship’s position can be accurately ascertained. 

And as it is sometimes of importance to know the Longitude by Chronometer as soon as possible after 
the Sights are taken in the morning, with:n a few minutes of the truth, we have in that case to use the 
Latitude by Dead Reckoning from the preceding Noon in working the Time, and which may be eonsiderably 
in error, and as before explained at page 122, greatly affects the Hour Angle. (except when the Sun is on 
the Prime Vertical.) so that after finding the correct Latitude we have to work it over again. 

To save all this trouble Tables A and B, No. XXX., are given for the purpose of correcting the Longitude 
by Chronometer, brought on to Noon for the effect of an error in the Latitude used in computing the time 
at the Ship, and all we have to do is to take out the Correction for the Longitude from the Tables, (which 
xs expressed in minutes and seconds) for each mile of Latitude. This, multiplied by the number of miles 
of error in the Latitude worked with, gives the whole correction to be applied to the Longitude brought on 
to Noon, and the result is the correct Longitude of the Ship at Noon. 


RULE 
For Using Table XXX. 


Enter Table A with the Latitude worked with at the side, and the Hour Angle at the Top, and at the 
Angle of meeting take out the Correction. 

Enter Table B with the Declination at the Side and the Hour Angle at the Top, and at the Angle of 
meeting take out the Correction. 

When the Latitude and Declination are of the same name, the difference between the Corrections found 
in Tables A and B is the Correction of Longitude for each mile of Latitude in error. And Note whether 
the Correction found in Table A be greater or less than that found in Table B. 

When the Latitude and Declination are of contrary names the Sum of the Corrections in Tables A and 
B is the Correction of Longitude for each mile of Latitude in error. 

Multiply the Correction for Longitude by the number of miles of error in the Latitude, which will g ive 
the whole Correction for Longitude. : 


To Apply this Correction. 


When the Corrections in Tables A and B are subtractive and the one found in Table A is less than the 
one in Table B, apply the Correction as follows : 


Latitude worked with being too Small, Add in West Longitude, Subtract in East. 
Latitude worked with being too Great, Subtract in West Longitude, Add in East. 


When the Corrections in Tables A and B are additive, and also when the Correction in Table A is greater 
than that in Table B, Subtractive, as follows : 


Latitude worked with being too Small, Subtract in West Longitude, Add in East. 
Latitude worked with being too Great, Add in West Longitude, Subtract in East. 


To or from the Longitude by Chronometer, brought on to Noon by the Dead Reckoning, will give the 
Ship’s Correct Longitude by Chronometer at Noon. 
EXAMPLES 
In Using the Tables. 


Lat. worked with 30° 30’ N., H. A.$h 15m Tab. A==31” Lat. worked with 50° 10’ N., H. A. 2h45m Tab. A 1’ 21” 


Dee, 22° 80’ N.(same name) H.A.8h15mTab.B 33” Dec. 23° S. (contrary names) H. A.2h 45mTab.B 39” 
The Diff. is the Corr. for each mile of Lat.... Q" ' The Sum is the Corr. for each mile of Lat...... 2’ 0” 
Lat. worked with found to be too small,...... 10m Lat. worked with found to be too great........ 10 

Whole Corr. for Long. to be Added. ......... 20’ | Whole Corr. for Long. to be Subtracted........ 20% 
Long by Chro. brought on to Noon..... 60° 13’ 30” W. | Long. by Chro. brought on to Noon........ 80° 14’ W 
Corr. Long by Chro. at Noon.......... 60° 13’ 50” W. . Correct Long. by Chro. at Noon.......... 29° 64’ W 


The Latitude and Declination being of the same name | 


the Difference of the Corrections in the Tables is the Cor- 
rection Additive, because the Latitude was too small and 
the Longitude West. 


The Latitude and Declination being of contrary names 
| the Sum of the Correction in A and B is the Correction 
| Subtractive, because the Latitude was too great and the 
' Longitude West. 


TO CORRECT THE LONGITUDE. 14f 


TO CORRECT THE LONGITUDE BY CHRONOMETER AT NOON WHEN THE LATITUDE 
[S IN ERROR 


EXAMPLE 9. 


March 6th, 1854. (End of the Sea day.) At about 7h 30m in the morning, the Sun’s observed Altitude was 10° 
23’, and the Greenwich Time by Chronometer 11h Om 2s, A. M, or 28h Om 2s, from the preceding Noon. The Lati 
tude in by the Dead Reckoning from the preceding Noon was 37°53’ North. Ship then sailed N. W.(true) 50 miles 
until Noon, when the Latitude observed was 38° 40’ North. Required the Error in the Latitude with which tite 
Time at the Ship was found, and the correct Longitude by Chronometer at Noon. 


, Se Le art 10° 23 Gr. T. by Chro. A.M..11h.0m 2s Same as Examp. Ist, page 141. 
fee OWA cit ” Add.12_0 0 Sun’s Corr. Dee.....5° 40’ S. 
reba WA oO) ¥ae0 “T0° 30’ Gr. Date, March 5th. 23h, Om 2s | 90 0 
Polat Dist..:....... 95 40 Log. 0.00213 Polar Dist....... 95° 40’ 
Pstitidde iicies Fos 3 7 53 Log. 0.10278 Equa. of Time. . Tim 32s 
Sum.... ....... 144° 3 True Course to Noon N. W. 50, D. Lat. 35’ N. and Dep. 35 W 

Pp 
HralfSemr, 260. 72° 92’ Log. 4.48920 Lat. by D. Reckon. at time of Sights... 37° 53’ N. 
Difference.......... 61° 82’ Log. 4.94404 Lat. by D. Reckon. at Noon......... 38° 28 
H. A. 4h 47m Lat! by! Observation si0s%...'<saae o's 38 40 


688 Ap. Time 19h 12m Ts==Log. 9.58815 
Equa of T..Add 11 82 


Error in the Latitude worked with 12’ too small. 
Lat. worked with 38° and H. A. 4h 48m in Table A. Corr. 15” 


Mu. T. at Ship. 19h 23m 398 Dec. 5° 40’ of (contrary names) H.A. 4h 48m in Tab. B. Corr. 6 
Gr. Time..... 23 0 2 Their Sum as the Correction per mile.........eeee0+s 21” 
Long. in Time. 3h 86m 238 Lo.54° 5'45’,W. Number of miles error in the Latitude...........++-. 12 
Dep.madeto Noon 35=D. L. 45 0 60)252"’ 
Approx. Lon. by Chro.at Noon. .54° 50'45""W. whole G : 4! 19” 
Gate Table XXX... Sub, 0 Ww ole Correction for Longitude ...........0.06. oes 1 


Cor. Lon. by Chro. at Noon.... 54° 46’ 33'"W. Agreeing within 3” of the Long. in Example lst, page 140. 


EXAMPLE 10. 


May 20th, 1854. (End of the Sea day.) At about 8 o’clock in the morning, the Sun’s observed Altitude was 
12° 10’, and the Greenwich Time by Chronometer 8h 1m 26s, A. M., or 15h 1m 26s, from the preceding Noon, The 
Latitude in by the Dead Reckoning from the preceding Noon was 36° 40'S. Ship then sailed S. E. (true) 20 miles 
until Noon, when the Latitude observed was 36° 39’ 8. Required the Error in the Latitude used in finding the 


Time at the Ship, and the correct Longitude by Chronometer at Noon. 


Sun’s Obs. Alt......... 12° 10’ G.T. by Chro, A.M. 8h 1m 26s Same as Ex.3d, page 142. 
Corr, TableIX....Add 8 Add 12 0 0 Sun’s Dee. cor. 19° 54’ N. 
PMI, Valeo 06 sss a 18’ se k Gr. Date, May 19th, 15h 1m 26s 90 0 
RURAPIESIAW as Gee ole os i109 64 Log, 0.02674 Polar Dist... 109° 54! 
Latitude ..........4-- 86 40 = Log. 0.09576 jade wee olar Dist.. 09° 54 
ts ie nA IE, Equation of Time........... 3m 47s 
Half Sum....... 2... 719° 26" — Log. 4.26335 True Course to N’n S. E. 20 miles. D.L. 0° 14’ Dep.14 
Differenee isc. -.s«s- 67° 8’ Log. 4.96445 Lat. by D. Reck. at the time of Sights. 386 40 
H.A.8h46m. Ap.T..20h14m 0s Log. 9.85030 Lat. by D. Reckon. at Noon ......... 86° 54’ S. 
Equa. of Time. .Sub.. 3 47 Lat. by, Obs. ab, Noonan. :). Jee sais shes 36 39 S. 
Mo. Time at Ship...20h 10m 13s Error inthe Latitude worked with 15’ too great, 
Green, Time...... 15 1 26 Lat.worked with 37° S. H. A. 3h 46m in Tab. A. Corr. 30” - 
Long. in Time..... 5h 8m 47s==Long. 77° 11’ 45” E. Dec. 20° N. (con. name) H. A. 8h 45m Table B. Corr. 26 
Dep. made to Noon 14’==D. Long. made. 1745" E. ‘Their Sum is the Correction per mile..... ate 56” 
Approx. Long. by Chro.at Noon....... 17° 29’ 30". E. Number of miles of error in the Latitude....... 15 
Corr. from Table XXX.......... Sub. 14 0 380 
Correct Long. by Chro. at Noon....... "7° 15' 30” EL 56 
This agrees exfetly with the Long. in Example 3. 60)840" 
Whole Correction for Longitude........ Sub... 14’ 0” 


Nors.—When it is of importance to know the Ship’s trur position at Noon directly the Latitude is observed, Table 
XXX will be found of great service. 

For instance, after Seven Bells we can estimate the Course and Distance the Ship will have made to Noon near 
enough, so as to work up the day’s work and find the Latitude by Dead Reckoning, and also to bring up the approxi. 
mate Longitude by Chronometer to Noon, 

Then the instant the Latitude by Observation is determined, the Error of the Latitude by Dead Reckoning can be 
found, and the approximate Longitude by Chronometer corrected, as in the above Examples. 

This Table will also show at once the effect of an error of one mile of Latitude in produciug an error in the Long) 
trde by Chronometer in any given Latitude; and it will be perceived that an error of this kind has the greatest effect 

Nigh Latitudes. 
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TO FIND THE LONGITUDE BY CHRONOMETER AT SUNRISE OR SUNSET. 


The method of finding the Time at the Ship from the Sun’s Rising or Setting is given at pages 128 and 
129, and the same Examples will answer the purpose of finding the Longitude by Chronometer ; because 
we have only to compare the Watch with the Chronometer, and thence find the Greenwich Time at which 
the Sun rose or set, or the Time may be taken at once from the Chronometer without the Watch. Then 
the difference between the Mean Time so found at the Ship, and the Greenwich Time by Chronometer, 
is the Longitude in Time. 


EXAMPLE 1.—(See page 128.) 


Jan. 25th, 1854. Latitude in 38° 42’ North, the Sun’s Lower Limb was observed to Set, by Watch, at 5h 3m 25s, 
which, on being compared with the Chronometer, was found to be 7h 7m 11s slow of the Chronometer. The Mean 
Time at the Ship was found to be 5h 11m 16s, and the error of the Chronometer on Greenwich Mean Time 8m 20s 
too fast. Required the Longitude of the Ship. . 


Time by Watch at Sunset........ BE lieches 5h 38m 258 

Watch Slow of Chronometer...........- of AE he Bd 

Time by Chron. at Sunset ..... ......4.- 12h 10m 36s. Green. Mean Time at Sunset, Jan. 25th.. 12h Tm 16s 
Chron. fast of Greenwich Mean Time...... 38 20s Mean Time at Ship do Jan. 25th... 5 11 168 
Green, Mean Time at Sunset............. 12h 7m16s Long. of the Ship at Sunset, 104° 0’ W.=—6h 56m Os 


EXAMPLE 2.—(Same as at page 129.) 


June Ist, 1854. In Latitude 25° North, the Sun’s Upper Limb was observed to Rise at the instant the Time 
noted on the Face of the Chronometer was 1h 6m 12s A. M. at Greenwich, and which was Slow of Greenwich Mean 
Time 2m 24s, The Mean Time at the Ship was found to be 5h 9m 36s, the Ship being in East. Longitude. Required 
the Longitude of the Ship. 


Time by Chronometer at Sunrise .......... weahis Meek ...-. lh 6m 12s, being A. M. at Greenwich. 
Chronometer Slow of Greenwich Mean Time ..........00.- Doe 

Greenwich Mean Time from Midnight, June Ist..... eeeceee lh 8m 36 or May 81st.. 18h 8m 863 
Mean Time at the Ship from Midnight, June Ist............ 5 9 86 or May 3lst..17 9 36 


Longitude of the Ship at Sunrise, 60° 15’ 0” E=4h 1m 0s 


As no reflecting instrument is required in this Observation, (we use in its room the common Spy-Glass,) 
iis accuracy, therefore, rests entirely upon the instant of time noted by the Chronometer at which the Sun's 
Upper Limb at rising, or his Lower Limb at setting, touches the horizon. This is liable to a small error, 
sometimes, in consequence of unequal refraction and mirage at the horizon. (See Note at page 129.) 

The Latitude of the Ship may also be determined by an Altitude of a Star or Planet at twilight, and 
the Ship’s position found as correctly as at Noon, as follows : 

Enter Table XVIII with the day of the month, and find what Star will pass the Meridian a few minutes 
before Sunrise, or after Sunset; or inspect the Nautical Almanac, and find what Planet will pass the 
Meridian about that time, as directed at page 104, No. 2. 

Compute the Altitude, and find the Star as directed at page 106, No. 3, or find the Planet as directed at 
page 104, No. 3, and observe the Meridian Altitude. 


EXAMPLE 
Of Finding the Latitude at Sunset by a Star.—(See Example 1st.) 


January 25th, 1854, (End of the Seaday.) The Latitude at Sunset being required, we look into Table X VIII, 
and find the nearest Star on the Meridian to be the N. Pole Star, which passes at 4h 37m, and is not visible on account 
of the Sun-light, but at 5h 15m, or 15m after Sunset, its Altitude was observed to be 40° 13’. We find the Latitude 
0 be 88° 42’ North. (See this method at page 109.) 


EXAMPLE . 
Of Finding the Latitude at Sunrise by a Star—(See Example 2d.) 


June Ist, 1854. (End of the Sea day.) The Latitude at Sunrise being required, we first add 12 hours to tue 
Apparent Time at Ship, 5h 12m, which gives the App. Astron. Time, May 81st, 17h 12m, and on referring to Table 
XVIII, we find that the Star Gruis passes the Meridian at 17h 24m, or 12m after Sunrise, and by computing the 
Meridian Altitude, and setting the Index of the Quadrant at 17° 20’, the Star will be found at that Altitude in the 


South oint of the horizon at a few minutes before Sunrise, and supposing the observed Altitude to have been 
17° 27’, the Latitude in would be 25° 0' North. 


Notr.—As the change 0 ‘Altitude of these two Stars, when near the Meridian, is very slow, an error of a few minutes 


in the time at the Ship wil 9e of no conseauence. Hence both t j i he Shi 
yeibebriation, "at Biiiies® « Rucdiee oth the Latitude and Longitude of the Ship may be found 
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*iINDING THE LONGITUDE BY CHRONOMETER AT NOON FROM EQUAL ALTITUDES 
unit OF THE SUN. 


The method of finding the Apparent Noon at the ship ‘rom Equal Altitudes of the Sun near the Meridian, 
and thenee the Mean Noon, is given at page 130, and in finding the Longitude by Chronometer at Noor, we 
have only to compare the Watch with the Chronometer, and apply the comparison to the middle Time by 
the Watch, which will give the time by Chronometer at apparent Noon. Or if we Note the time by Chre 
nomeier when the Sun’s Altitude is the same both before and after Noon, the middle of the times is the 
time by Chronometer, at apparent Noon, (See Note at the bottom of the page,) to which its error on Green- 
wich, applied as usual, gives the Greenwich time by Chronometer, when it is Noon at the Ship. 

The only Correction necessary in this ease is for the Equation of Time, which must be Corrected as 
usual to the Greenwich Time by Chronometer, aad applied as directed in the Nautical Almanac to Apparent 
Noon, will give the Mean Noon at the Ship. Then the difference between the Mean Noon at Ship and the 
Greenwich Mean Time by Chronometer is the Longitude in time, which turned into Degrees and Minutes 
by Table XXVJ., is the Longitude of the Ship at Noon. 


EXAMPLE 1.—(See Page 130.) 


April 2d, 1854. (End of the Sea day.) The Altitude of the Sun's L. Limb was observed to be 85° 40’ at a few 
minutes before Noon, Time by Chronometer lh 46m 10s P. M. at Greenwich, and when the Sun fell again to the 
same. Altitude in the Afternoon, the Time by Chronometer was 2h 12m 16s, and its Hrror 8m 33s Fast. Required 
the Longitude by Chronometer at Noon. 


suns Observed Altitude..........0c.e0 A. M. 85° 40’ Time by Chronometer... 1h 46m 10s P. M. at Green. 
Th Onin eae fad nde ose P.M. 85 40 dlo........d0u......+ 2 12. +16 - do: do. 
; ; ; 4)3h 58m 26s 
ro ha of Time April 2d. aah na aie im an oe ee Time by Chron......... 1h 59m 13s at App. Noon. 
it: at wean eR LL Belle Chro, Fast of Green., Sub. gi 339 
Correct Equation........ Add 3m 40s ‘21 1500 q,. Mean Tj Thana ae 
App. Noon at Ship........ Oho 0 reen, Mean lime...... 1 55m 40s 
Pp Mean Noon at Ship...... 0 38 40 


peeeteer Setup? +. =. + Oh Sm. 40s Lon. of the Shipin time.. 1h52m 0s=28° 0’ W.at Noon. 


EXAMPLE 2.—(See Page 130.) 


April 16th, 1854. (End of the Sea day.) The Altitude of the Suis L. Limb was observed to be 68° 20’, Time 
by the Watch 11h 20m in the Forenoon, and when the Sun had fullen to the same Altitude again in the Afternoon, the 
time by the Watch was 12h 34m 6s, which on being compared was found to be 3h Om 23s Fast of the Chronometer, 
and the Error of the Chronometer on Greenwich Mean Time was 3m 10s too Slow. Required the Longitude by 
Chronometer at noon. 


Svn’s Observed Altitude.................A. M. 68° 20’ Time by Watch.....,. 11h 20m 0 


REE sl, acnK10 4 9 a'a's onrid <ai> ett. BS MS) 6842012 dod endows Jancgarce 12 34 6 
23h 64m 6 

Equa. of Time April 16th..... Om 118‘87 Diff. 1h “603 44:4 aime by Watch Cee a 
Oe He Sub. 1 ‘81 Bhi i ees oes, a Yaa 


Comparison.......Sub. 3 0 23 


Correct Equa..........:.. Sub. 0m 10s .6 1°80°9 op; eee ai 
: ime by Chro......... 8h 56m 40s at App. Neon. 

App. Noon at Ship....... pay Obs \0 Chr, Slow of Greenman akaig uae” 
Mean Noon at Ship.......11h 59m 50s Groen. Mean Pine “Bh 59m BOs 

Ave : Comparison. Mean Noon at Ship.... 11 59 50 
MUON IDOW Olen ee airs ot eo mane cis os .-. 12h 36m 0s f the Shin in Pee oe OAT ic eak® Df 
Chronometer Showed. .............00. e997 30 OT Lom of thie Ship tn Pinta iO) 06-2457 07-1, ab Noon 
Watch Fast of Chronometer......... uaave o.ot 0m 23s 


Degree of Dependence. 


This method, as before observed at page 130, is most suitable for Low Latitudes ranging to 30° on each 
side of the Equator. Because when the Ship makes much way, and the interval between the Altitudes is 
great, the First Altitude will not be equal to the Second, on account of the Ship’s change of place of Ob- 
servation and the Sun’s change of Declination. Except when she Sails due East or West, in that case it 
becomes a question of Time only, and does not affect the result. 


Nore.—But when she makes much Northing or Southing in the interval, it is evident that the same Altitndes will no 
longer give the correet middle time at Apparent Noon. The Errorin the Altitude will be equal to the Difference of 
Latitude the Ship has made in the interval. For instance, a Ship Sailing South in North Latitude, the P. M. Altitude 
would be too sinall, and Sailing North the P. M. Altitude would be too great by the Amount of the Difference of Lati- 
tude made in the interval, therefore the Rule is, when Sailing towards the Sun, we must increase the A. M. Altitude 
which is on the Quadrant by advancing the Index of the Instrument equal to the Difference of Latitude made in the 
interval. But in Sailing from the Sun we decrease the A. M. Altitude by screwing buck the Index equal to the Differ- 
ence of Latitude made in the interval, and when the Sun falls to that Altitude in the Afternoon, and the time noted b 
Watch or Chronometer, the correct middle time is found at Apparent Noon as before. But as this method is muck 
used ut Sea ir its present form, because of its extreme simplicity and indepencence of both Latitude and Declination 
and which, with ordinary caution, it is well adapted for the use of Seamen in detecting any very gross error in the more 
regular mod> >* working out the Time at Sea. 


re NAUTICAL ASTRONOMY. 


THE LATITUDE BY THE SUN, AND THE LONGITUDE BY “HRONOMETER, BY 
Be amc THE MOON’S ALTITUDE AT NOON. : 


When tne Sun is on the Meridian, his Altitude determines the Latitude, and when the Moon is at a 
proper distance from the Meridian her Altitude will give the Time at the Ship, and thence the Longitude 
by Chronometer at Noon. i. lee | | 

Or the Moon may be on the Meridian, when her Altitude will give the Latitude, and an Altitude of the 
Sun at the same time will give the Longitude by Chronometer. 

Or Altitudes of the Moon, Planets or Stars taken in like manner will give both Latitude and the Longi- 
tude by Chronometer at the same time. | 

The advantage of this method is that the Latitude being correctly known at the time of taking the Sights 
for Chronometer, the Altitudes of the object for Time may be taken nearer to the Meridian than other. 
wise, without producing an Error in the H. Angle, always providing that their change of Altitude be nof 
less than 6’ in one minute of time. 


EXAMPLE BY THE SUN AND MOON AT NOON. 


March 24th, 1854. (End of the Sea day.) The Latitude observed from the Meridian Altitude of the Sun wax 
40° 10’ S., and at the same time the Altitude of the Moon’s Upper Limb was observed to be 41° 49' to the West- 
ward of the Meridian, and the Greenwich time by Chronometer was 17h 48m 27s. Required the Longitude in hy 
Chronometer at Noon. 


Obs. Altitude )’s Up. Limb..... 41° 40° Green. Time by Chron., March 23........ . 17h 48m 27 

Semid. 16’, Dip. #’.......++: Sub. 20 ESE Se? 

Hor. Parl. 59’ and Altitude...... 41° 20° Green. Time past Midnight.............. 5h 48m 278 

Gives the Corr, Tuble XXV..... 48 

True Altitude... ... ae ee 43a 8! Sun RenA. 23d) ied sie aeaveeis Oh 9m 22s Dif lh 98 

Polar ‘Dibhe scores situa cease 6 66 53 Log. 0.03635 ~ Add 2 42 18b 

Latitude Obsefvuily ce. ee. es oe 2 40°10 Log. 0.11681) San’s Cor. R. A. ........... Oh 12m 4s 60)162 

Sum..... Did gseibaaelhs ete yee e149° 6! Corn. aie nk: SUS ee gale, Aen 2m 426 

Half Sate. 5 Put. Ve ie Waa. 88 74° 33’ Log. 4.42553 air 

’ 39° 30! Low 4.73022 D ’s Declination March 23d, Mid........... Dat hl aukts 

Difference 1 AR dae ed 40%. ah rps March 94th. Noon.) oe game ee 

> ‘y aa es ASH pst ys sgh a. 20 Par ee Difference of Declination in............ lzh=1° Ss’ 

DBs ose |e a 6 eiaet ae ei Gorn Table XU ee ene 0° 44’ 

R. Ascen. of the Meridian... .24h 12m 57s Declination at Midi. 22 ot Sanne 23 51 

Sun's R. Ascen. Mtb, ie Sub.0 124 Correet: Declinatiin :o. coe cee 99° ae 

App. Time at Ship.........24h 0m 53s 90 0 

Equation of Time... apr. Oye D’s Polar Distance....... wo nce hinie- dix aig ae 

Mean T. at Ship, March 23...24h 7m 243 

G. M. T. by Chr. March 23....17 48 27 D's R. A. Mar. 23d ...20h 23m 53s at Mid. 

Longitude in Time.......... Gh 18m 57s Mar. 24th...20 58 47 at Noon. 

Longitude of the Ship ..... 948 44! 15” E. at Noon. _ Say as 12h is to 29m 54s so is 5h 48m T. irom Mid. 
Pro. Log. of 12h, Table XXXIV. 1.1761 
Aritly sOomip ccf. «ihn eee dioabat 8.8239 

BAP UMAAGIS OL ALANS ss ers s-<'opyatd o's. -\0 3 5 6m 45827 “766 Pro. Log. of 29m 54s........... 0.7796 

Darr Poa is 8 Sh Add 188 °79 18h: Pro. Log. of (bhe48my cae 1.4918 

APOE OBE BABIN ETON oir c/a in ores! psig wae Gi 31s°48 13°78°8 1.0953 Corr. 14m 278 
Rr AgGor ab: Midis <2 ns aiceels clemency 20h 23m 53 
D’s Correct R. Ascon....... eee CROSS 20h 38m 20s 


Finding the Latitude by a Planet, and the Longitude by Chronometer by the Moon’s Altitude at the same time. 
QUESTION, 


October 3d, 1354. In North Latitude and West Longitude at Twilight in the evening the Meridian Altitude of 
the Planet Jupiter was observed to be 39° 8’S. About the time the Altitude of the Moon’s L. Limb was 13° 19’ 
East of the Meridian, and the Greenwich Time by Chronometer, October 3d, 11h 23m 52s P. M. Required the 
Latitude by Observation and the Longitude by Chronometer. 


Answer—In this case the Correct Altitude of the Moon is 14° 24’, her Polar Distance 102° 28’, her Hour 
Angle 4h 28m 40s, R. A. 22h 52m 48s, R. A. of the Meridian 18h 29m 8s, the Sun’s R. A. 12h 88m 193, Apparent 


Time at Ship 5h 50m 44s P. M,, and the Mean Time 5h 89m 40s. The Latitude observed 28° 16’ N., and Longitude 
by Chronometer 86° 3’ West. 


Norr.—It may perhaps be necessary here to repeat the remarks already made at pages 101 and 104, which is, that the 
Meridian passages of the Moon and Planets are given in the Nautical Almanac for al che Time, and which must be turned 
into Apparent Time by Applying the Equation of Time the contrary way to what we would do in turning Apparent 
into Mean Time. ; 

In the case of the Planet Jupiter in the above Question he passes the Meridian by the Almanac at6h 31m. The Equa- 
Vion of ‘lime, 11m, added, gives the A parent Time 6h 41m, at which he passes the Meridian, or that shown by » 
Watch regulated to Apparent Time at the Ship. The Moon’s Meridian passage is found in like manner. 
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FINDING THE LATITUDE BY A STAR, AND THE LONGITUDE BY CHRONOMETER, By 
A PLANET. 


EXAMPLE. 


April 2d, 1854. (End of the Sea day.) In North Latitude and West Longitude, the Meridian Altitude of the Star 
Castor was observed to be 77° 52’ North, and at the same time the Altitude of the Planet Saturn was 37° 53’ to 
the Westward of the Meridian in the evening twilight, and the Greenwich Time by Chronometer was 10h 58m 10s 
P.M. Required the Latitude in and the Longitude by Chronometer. 


Mer. Alt. 3% Castor 77° 52’ N. Obs. Alt. Sat. 37° 53’ G. T. by Chro. age 
Corr.Tab. XX Sub, fi Oorr:Tab. XX, Sub. 5 Ap. 24, 10h 58m10s Dec.Sat. 18° 10'N 
mete Ales et. . 77° 48' True Alt..... 37° 48 ea 
Zenith Dist....... 12° 12’ S. Polar Dist... 71 50 Log. 0.02221 Polar Dist... 71° 60 
’ 9° 19 N. : eee fs te 2, 0.027 : 
fe me rte haat nat a = spine et Saturn’s R. A. April 2d, 3h 47m 15s 
ipde ins... . - April 8d,3 47 41 
at the time Castor passed HalfSum... 64° 49’Log. 4.62892 Say as 24h is ton ato ben stat Th 
the Merid., or at 6h 40m _ ~—CDifference ... -27 1’ Log. 4.65729 to the Correctior Oh Om 12s 
P. M. ’ Sat. H. Angle 3h 41m 50s. Log. 9.83543 Right Ascen, April 2d..... eT ae 
R. Ascen.....8 47 27 Correct Right Ascen. ..... 3h 47m 27s 
R. A. of Mer.. 7h 29m 17s 4 L 3 
Sun’s R. A...0 47 22 Sun’s R. A. April2d.. Oh 45m 438s. Dif. 1h, 9s 
oa hing see chiddim Bes Correction. ..... Add 1/3289 Ilb 
Rana i pee 3 33 Correct R. Ascen..... Oh 47m 22s y9s 
Gate by Onion pe bbe Equa. of Time.....8m 41s ‘71 Diff 1h. .-750 
: pomngtgy Fh oils Sub. 8 :25 11 
° ° ; Mt ¢ € 
Long. of Ship 63° 10’ 30” W.= 4h 12m 42s at 6h UD Correct Equa. .....3m 33s -47 Bub 


Finding the Latitude in and the Longitude by Chronometer at the same time by Two Stars. 


EXAMPLE. 


August 22d, 1854. (End of the Sea day.) In South Latitude and East Longitud 2, the Meridian Altitude of the 
Star Aldebaran was 63° 26’ North, and at the same time the Altitude of the Star Sirius was 53° 47’ East of the 
Meridian, at twilight in the morning, and the Greenwich Time by Chronometer vas, October 21st, 14h 57m 41s 
Required the Latitude in and the Longitude by Chronometer. 


Mer. Alt. % Aldebaran.....:..0.se0e.2-. 63° 26’ N. » Obs. Alt. of Sirius.......... ara te Yi 
Correction, Table XX. 2.0... c00e Sub. 4 Correction, Table XX.... Sub. 5 
EM ETICUE sires ela. 6 os ol e.0 0 6.6 oseis « 63°22" Correct Altitude ............ 53° 42° — 
PRUPISTAANCE, cites oceesicdcesss 26° 38'S, Pole Sustance......... veces 73 29 Log. 0.01836 
MOBI COOUMOUON So. scene neces vecsese 16 13N.  watitude Observed........... 10 25 Log. 0.00722 
Latitude in by Observation............ 10° 25'S. 137° 36 
At the time Aldebaran passed the Half Sum ..... Cor tere ree 68° 48’ Log. 4.55826 
pL Prilang Ang. ki Be aeae ha Difference ...... sey ees res Vos 15° 6’ Log. 4.41582 
ene yet eke Cr dn FASS. i 2h 27m 253 “Log. 8.99060 
%'s R. Ascension...... 6 88 483 
| R. A. of the Meridian.. 4h 11m 18s 
Green. Time by Chron, Aug. 21st..... 14h 57m 41s Add 24 0 0 
. 28h 1lm 18s 
Declination Sirius 1854............... 16° 31’S. Sun’s K. Aseension.... 10 8 9 
90 0 Apparent Time....... 18h 8m 9s 
Sirius’ Polar Distance .... .....ecsee- 73° 29’ Equation ........ Add 2 50 


Mean Time at Ship... 18h 10m 59s 
Green. Time by Chron... 14 57 41 


Right Ascension Sirius, 1854........... 6h 388m 438s Lon.of Ship 48° 19’ 30” E.—= 8h 13m 18s, at 6h 8m A.M. 

Sun’s R. Ascension, Aug. 21st 10h 0m 548 Dif. 1b. 98 fauation. A 9 : : 61 

@arrection.:,..2:'. 7. Add © 2 15 15h MITA Arai Diab) a eye eR Bata oe 

Correct R. Ascen....... 10h 8m_ 9s 60)185_ Correct Equation........ 2m 49s ‘82 9150 
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Finding the Latitude in by the Moon, and the Longitude by Chronometer, by a Star. 


: QUESTION. 


February 7th, 1854. (End of the Sea day.) In North Latitude and West Longitude, the Meridian Altitude of the 
Moon's Lower Limb was observed to be 68° 9’ South, and at the same time the Altitude of the Star Regulus was 
21° 47' to the Eastward of the Meridian at about 8 o’clock in the evening, and the Greenwich Time by Chronome- 
ter, Feb. 7th, 8h 56m 40s. Required the Latitude in and the Longitude by Chronometer. 

_  Answer—The Moon’s Correct Altitude is 68° 45’ South, her Declination 24°14’ North, and the Latitude in 50° 
29' North. The Star Regulus’ Polar Distance 77° 19’, his H. Angle 4h 44m 51s, his Right Ascension 10h 0m 36s. 
the Right Ascension of the Meridian 5h 15m 44s, (to be increased by 24h,) the Sun's Right Ascension 21h 2km 6a, 
the Apparent Time at Ship 7h 50m 38s P. M., the Mean Time at Ship 8h 5m 5s, and the Longitude in by Chrono 
eter 12° 58’ 45’ West. 


150 NAUTICAL ASTRONOMY. 


FINDING THE LONGITUDE BY CHRONOMETER, AND THE SUN’S TRUE #/ ZIMUTH, BY 
THE SAME ALTITUDE. 


” 


This is a very convenient mode of finding the Variation of the Compass, the Sun’s True Azimuth being 
obtained from the same Altitude used in working the time for Chronometer, and which may be practiced 
every day at Sea, with only the additional trouble of taking the Sun’s bearing by the Azimuth Compass at 
the time the Sights are taken, as directed at page 81, and also the Rule for working an Azimuth at page 
118. By this method we have only to take out the Log. Secant of the Altitude as a Latitude, at the top 
of the page, and the Log. Co-Sine of the Difference between the Polar Distance and the Half Sum, as a 
Half Sum. The Logs. Secant of the Latitude and Co-Sine of the Half Sum serving for both Hour Angle 
and Azimuth, and the Angle in Time in the latter case turned into space by Table XX VI, will give the 
Sun’s True Azimuth. 


EXAMPLE 1. 


July 12th, 1354. (End of the Sea day.) In Latitude 39° 25’ North, Longitude by Dead Reckoning 72° 0’ West, 
the Sun’s observed Altitude in the morning was 35° 38’, bearing by the Azimuth Compass South 81° 80‘ East, and 
the Greenwich Time by Chronometer 0h 48m 48s P. M. at Greenwich. Required the Variation of the Compass and 
the Longitude in by Chronometer. 


Sun’s Obs. Alt.... 85° 38’ 


G. Time by Chro. 12h 48m 48s Reckoned from Midnight. 
Corr. TableIX.Add 10 


TrnevA luittidess< <0) 85° 48's 225), be Ma Alt... 35° 48’ Log. Secant...-. 0.09094 Sun’s Correct Dec. .22° 0’ N. 
Polar Distance .. 68 0 Log. 0.03283 P.Dist.68° 0/ 90 0 
Latitude@ ius. kat. B89 25 Log:.0.11207 (6.0.00. s0y0e% Same Log. ..... 0.11207 Polar Dist.........68° O° 
SUM ee Ge es 143° 13’ 

Half Sum...... 71° 37’ Log. 4.49882 H.Sum71° 37' Same Log. ..... 4.49882 Correct Equa.....5m 15s 
Difference ...... 35° 49’ Log. 4.76780 Diff... 3°37’ Log. Co-Sine .... 4.99913 


App. Time.... 7h 55n 583 Log, 9.41102 9.70096==Angle 6h 1m 8s 


Equation. . Add 5 18 ; 
Angle 6h 1m 8s in Table XX VI==True Az.8. 90° 16’ E 


Mean Time... 8h 1m 18s. wudb arts ’ ' 
G.T. by Chro..12 48 43 ara SLANE) sie habia ose Walkin tee Rae 8. a al 
Long. in Time 4h 47m 30s—=71° 52/ 30” W. Long. AGNCUC VALIAUOD .eeeseeeeesereecreees [Westerly 


EXAMPLE 2. 


Sept. 6th, 1854. (Ena of the Sea day.) In Latitude 36° 6’ South, Longitude by Dead Reckoning 10° 30' East, 
the Sun’s observed Altitude in the afternoon was 12° 38’, bearing by Compass N. 44° W., and the Greenwich Time 
by Chronometer 3h 52m 148 P. M. at Greenwich. Required the Variation of the Compass and the Longitude in 
by Chronometer. 


Sun’s Obs. Alt.... 12° 38’ 


G. Time by Chro, 3h 52m 14s Past Noon at.Greenwich 
Corr., Table IX, Add 8 


True Alt. ....... Peas ee Alt....12° 46’ Log: Secant..... 0.01057, Correct De0, sas aan 

Polar Distance... 96 25 Log. 0.00273 P. Dist. 96 25 eid. 

Latitude. ,..%... BB kD ha ).09269 cele onc abnewioaad Same Log. ..... 0.09259 Polar Dist...... 96° 25° 
145° 17’ 

Half Sum....... 72° 39' Log. 447452 H. Sum'72° 39’ Fame Log, . .... 441152, Correct Equa: saan 

Difference ...... 59° 53’ Log. 4.93702 Diff... 93°46 “8 ONE oy te ae 

App. Time...4h 36m 13s Log. 9.50686 : dt hie is ; 

Equa...... Sub. 1 465 


Mean Time...4h 34m 28s 
G. T. by Chro.38 52 14 


Long. in Time Oh 42m 148—=10° 33’ 80” East Long. 


Angle 4h 48m 25s, Table XX VI, True Az. N. 72° 6’ W. 
Magnetic, Azimuth. .....,00.-cseee (epee eeie Ue 
Magnetic Variation ........... Pope ae 28° 0! 

[ Westerly 
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_ FINDING THE SHIR’S POSITION AT SEA BY SUMNER’S METHOD. 


This Method consists in a new use or application of a Single Altitude observed for the Longitude by 
Chronometer, and is very useful when a Ship is near the Land, especially in high Latitudes, where the 
weather is generally unsettled and the observations for Latitude uncertain. The method is also best adapted 
for High Latitudes, because the Sun’s change of Azimuth is more rapid there than in Low Latitudes, and 
the greater the change of Azimuth in a given time the more accurately the Ship’s position can be defined. 

In the Tropics when the Sun rises, passes the Meridian, and sets Vertically, the Ship’s position cannot be 
found by this method. 

Having been in the habit of using this method at Sea for many years, I can testify to its great utility in 
defining a Ship’s place on the Chart, when she is near the Land or a danger, and Captain Sumner deserves 
great credit in making its value known to Seamen. 

I propose here to give a sketch of his method as done in the practice at Sea, which may be found useful 
to those who have not seen his book, where they will find the whole matter fully explained, and which ought 
to be in the possession of every practical Navigator. . 


Explanation of Sumner’s Method. 


In some cases where the Latitude is not correctly known the Longitude by Chronometer cannot be cor- 
rectly found, as explained in the Note at page 122 of this work, and it is on this very circumstance, and the 
having the correct Greenwich Time by Chronometer, that the method is founded. 

» Suppose an Altitude of the Sun to be observed in the Forenoon, and the Longitude by Chronometer found 
in the usual manner, the Longitude so found will correspond to the Latitude worked with. The same 
Altitude worked with another greater or less than the first Latitude, the Longitude so found will corres- 
pond to the Latitude worked with in like manner, so that for each point of Latitude, with a given Altitude, 
these will correspond a certain point of Longitude and no other. 

These several points or positions laid off on the Chart in their respective Latitudes and Longitudes, and 
a line drawn through them, the ship will be somewhere on this line, providing the Chronometer is right 
and the Latitude assumed is not very greatly in error. 

If this line produced passes though any point of Land, the true bearing of this Land from the Ship is 
shown, and thus, though neither the Latitude nor the Longitude of the Ship is correctly known, yet the 
true bearing of any place on the Land which lies in the direction of either end of the line joining the two 
positions is certainly known. A line drawn perpendicular to the above mentioned line, towards the side on 
which the Sun is, shows the True Azimuth of the Sun. 

This is easily understood, because the several Latitudes and Longitudes laid off by means of the same 
Altitude, constitute a curve of equal Altitude, and the observer in moving so as to keep the Sun at the 
same Altitude, would keep him always on the bearing at right.Angles to the direction of his own motion. 

- The effect of an error in Altitude is easily shown by considering that the place of any part of the circle 
of equal Altitude on the Chart moves one mile for each 1’ of error of Altitude, and thus the corrected posi- 
tion of the line will be parallel to that already down, and distant from it the amount of the error of 
Altitude. 

When the coast trends parallel to the line of equal Altitudes, the distance of the Ship from the shore is 
ascertained, though her absolute place is uncertain, provided always that the Ship is really not far from 
her supposed Latitude, and that the Chronometer is right. 

When a single Altitude is observed near Noon the parallel of equal Altitude is evidently near the 
paralle] of Latitude on which the Meridian Altitude would place the Ship, and the bearing of Land nearly 
East or West is very nearly ascertained. On the other hand, when the Sun is near the East or West points, 
the line of equal Altitude lies nearly North or South, and its position in Longitude depends entirely on the 
Chronometer. Also errors of Altitude affect the Longitude by Chronometer most when near Noon, in which 
case it can have no influence on the bearing of Land near East or West. 

*As a Single Altitude gives thus the line on which the Ship is, a Second Altitude gives a second line, 
except when the Sun is Vertical and has no change of Azimuth. In this case only one line can be pro- 
jected on the Chart, which will always Jie North and South. 

The intersection of the second line with the first is the Ship’s true place, and the place of the intersection 
is more decisively marked as the two lines lie more at Right Angles to each other, and as the Sun is per- 
pendicular to each of the said lines at the time the Altitude was observed, from which they were com- 
puted, they will cross each other more nearly at Right Angles, when the Sun has the greatest change of 
Azimuth. 
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Rule for Working by Sumner's Method. 


Having obtained an Altitude of the Sun and the Greenwich Time by Chronometer, compute the Latitude 
in by Dead Reckoning. ‘Take a Latitude, say 30’, to the Southward of the Dead Reckoning, with which 
and the True Altitude, and the Sun’s Polar Distance, find the Longitude b¥ Chronometer as usual. 

Again, take a Latitude, say 30’, to the Northward of the Latitude by Dead Reckoning, and with the same 
Altitude and Polar Distance find another Longitude in by Chronometer. 

Lay off these two positions on the Chart and Draw a pencil line between them, which, extended to any 
Land in the vicinity, will give the true bearing of that place from the Ship, or if the Land trends parallel 
with the line it will give the Ship’s distance from the Shore. At an hour or two or more after the first 
Altitude was taken, or when the change of Azimuth exceeds 2 points, take another Altitude, and with the 
same Latitudes and Polar Distance find two other positions. A line drawn between them will cross the first 
line, which will be the Ship’s true place in Latitude and Longitude by Chronometer. 

but if the Ship has changed her place between the Observations, lay off the True Course and Distance 
Sailed in the interval, from any part of the tirst line, and through the point so obtained, draw a line parallel 
to the first line projected, and at the intersection of this line with the second, is the Ship’s true place in 
Latitude and Longitude. 


EXAMPLE. 


December 10th, 1854. A ship in Latitude, by Dead Reckoning, 37° N., and Running for Cape Henry, at about 
8 o’clock in the Morning observed the Sun’s Altitude to be 9° 35’, and the Greenwich Time by Chronometer lh 
5m 55s P. M. at Greenwich, and after Sailing W. by 8. True 20 miles, asecond Altitude was observed to be 27° 10’, 
Greenwich Time by Uhronometer 3h 39m 16s. Required the Bearing of or Distance from the Landin the vicinity, 
at the time or each Altitude, and also the Ship’s Correct Latitude and Longitude in at the time of the last Altitude. 


Latitude and Longitude in at the Time of the Last Altitude. 


Sun’s Ist. Obs. Alt.. 9° 35’ G. Time by Chro. 1h 5m 55s Lat. in D. R. 37° 0' N. Dec. 22° 66’ 8. 
Corr., Table 1X..... 7 Add 12 0 0 : 90 #0 
Sun’s True Alt..... 9° 42’ Time from Mid. 13h 5m 65s True Altitude...... 9° 42’ Polar Dist. 112° 56’ 
Polar Distance.....112 56 Log. 6.03576 Polar Distance..... 112 56 Log. 0.03576 
Latitude YRS Le Aine Ay Be SO Log. 0.09482 Latitudes sea: 37 30 Log. 0.10053 
SOs 160" 8 Kqu. Sub. 7m 0s 
Half Sum....,... “79” 34’ Log. 4.25790 Half Sum......... 80" 4 Log. 4.23679 
Difference........ 69° 52’ Log. 4.97262 Difference......... 70" 22' Log. 4.97399 
8 lum dds Log. 9.36110 | pe eh ahs See 
Equation....Sub. 7 0 Hquahon ?, - Sub re i a 
M. Ship Time... 8h 3m 558 1 sins M. Ship Time.... 8h Tm 553 2d position. 3 
Green. thee " aig ah ne Serre ane 30 N. Green. Time..... 13° 5 65d with Lt.37° 30'N. ) timeof 
bh Jin Os=Long. 75° 30 W. 4h 58m 0s=Long. 74° 30' W. ) Ist Alt 
Lat. in by D. R. 37° 0' N. Dec. 22° 56’ S. 
Sun’s 2d Obs. Alt...27° 10’ G. Time by Chro, 3h 39m 16s 90 
eer, TRAE Ae ain Addl2__0 0 Druo Altitude....... 27° 20’ Polar Dist, 112° 56" 
True Altitude. .....27° 20' Time from Mid. 15h 39m 1s Polar Distance...... 112 56 Log. 0.03578 
Polar Distance. . “112 56 Log. 0.03576 Latitude. .....6+... 37 30 Log. 0.10053 
Tiatitudes Jains ~s'e0's oe 30 Log. 0.09482 AIT’ 46! qu. Sub, 6m 58s 
peshcdleAR eRe Re PUM Tae BEAL HCY Nes 88” 63’ Log. 3.28927 
Half Sum Ue Sia ae tte 88 ik Log. B.AGOEEES Heit 40 in VEIN cea een aad 61” 33' Log. 494410 
Difference. ....... 61° 3’ Log. 4.94203 10h 49m 34s Log. 8.36966 
10h 35m49s Log. 8.52305 Equation. . .Sub. 6 58 
Hquation ie ue nes M. Ship Time... 10 42m 36s 2d position. 
M. Shiv Time. . 10h 28m51s lst Position. Green. Time....15 39 16s with Lat.37°30'N. 


Green. Time....15 39 16 with Lat.36° 30’ 4h 56m 40s = Long. 74° 10’ *W. at the 
5h 10m 25s=Long. 177° 36’ W. time of the 2d Alt 


See the Projection on the Chart, next page. 


The positions by the first Altitude laid off and the first line drawn between them strikes the Shore 
about 10 miles to the Southward of Currituck Inlet, hence the true bearing of that part of the Shore is 3. W. 4S., 
and the Coast of Maryland is 38 miles distant in a N. W. direction. . 

The Positions by the Second Altitude laid off and the second line drawn between them passes through Cape 
Henry, Henee its true bearing is W. by 3S. from the Ship. 

The Ship’s True Course and Distance W. by S. 20 miles, being now laid off from the first line and a line drawn 
parallel to it, then where it cuts the second line, is the Ship’s True place (at the time of the last Altitude), in Latitude 
37° 13° N. and Longitude 75° 8’ W., and distant from Cape Henry 50 miles. 

A line drawn parallel to the Course made in the interval, through the Truo place of the Ship, back to the first line 
will show the Ship’s place on that line, when the first Altitude was observed, in Latitude 37° 18m N.and Longitude 
74° 43’ W. Hence the Ship’s Latitude by Dead Reckoning was found to have been 18 miles in Error, or that much 
too far to the Northward of her proper position, in running for Cape Henry. 


FINDING THE SHIP’S POSITION BY SUMNER’S METHOD, 153 
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FINDING THE SHIP’S POSITION AT SEA BY SUMNER’S METHOD. 


The Ship’s place may be found in the same manner in the Afternoon, should the Latitude not have been 
obtained from an observation. 

The Altitude observed in the Afternoon is worked with the same two Latitudes unless she has made 
much Northing or Southing in the interval, but the Decl. and Equa. of Time is generally corrected to the 
time of observation, and two positions are again found, which laid off on the Chart, and a line drawn be- 
tween them, will give the bearing of the Land or the distance off, as the case may be. The Course and 
Distance made good in the interval, laid off as before, and another line drawn parallel to the former, will 
cut the last line projected, at the Ship’s true place. 

But when the Ship has been sailing in the same direction as the former line it is not necessary to lay off 
either Course or Distance, because the place of intersection of the two lines as above. will give both. 

Thus the Ship’s place on the Chart may be found every hour of the Day from Sunrise to Sunset, (See 
the method at page 128,) if his change of Azimuth be sufficiently rapid to cause the lines projected on the 
Chart to eross each other at an angle. 

By this method also the Ship’s position may be found every hour of the Night by using the Stars or 
Planets, that is, finding the Longitude by Chronometer, by them, using two assumed Latitudes as with the 
Sun. But unfortunately the Horizon is generally so obscured at night. that not much dependence can be 
placed on the Altitudes observed. 

In laying off the Course and Distance run in the interval between two Altitudes, when the Ship is in a 
Tide-way or Current, the Set and Drift of which is known, it can easily be allowed for, by forming a 
small traverse Table, composed of the true Course and Distance sailed, and the True Set. and Drift of the 
Current. Then the Difference of Latitude and Departure made good will give the Course and Distance 
made good, which is then laid eff as usual. 


CONTINUATION OF THE FORMER EXAMPLE. 


December 10th, 1854. No observation for Latitude having been obtained, the Ship had been hauled up W.S. W 
ou the bearing of Cape Henry, (from the Altitude which had been obtained about an hour before Noon), and at 1h 
30m in the Afternoon another Altitude was observed to be 26° 15’.. Greenwich Time by Chronometer 6h 24m 388, 
having run in the interval W. S. W. True 25 miles, and been Set by the tide in the same direct on 5 miles. Re- 
quired her true place on the Chart and her Bearing and Distance from the Land in the vicinity. 


Sun’s 3d Obs, Alt.26° 15’ G. T. by Chr. 6h 24m 383 Sun’s Corr. Dee, 22° 57’ S. - 
Corr, Table IX... 10 ct ge 90 O- 
True Altj case. «26 25 Same Alt. 26° 25’ 112° 57 
Polar Dis........112 57 Log. 0.08581 Polar Dis. 112 57 Log. 0.03581 
Latitude........ 386 30 Log. 0.09482 bE RS 81 30 Log 0.10053 
175° 52! 176° 52 Equa, 7m 18°53 Diff. 1b 1148 

Half Sum..:.... 87 56 Log. 3.55705 Half Sum, 88 26 Log, $.48680 __ 14 ee 
Difference........ 61 31 Log. 4.94397 Dives 62° 1’ Log. 4.94600 6m 548 *T 6 888. 

lh 35m 32s Log. 8.63165 j 1h 23m 478 Log. 8.51914 574 
Equa... Sub. 6 Ot Equa...5ub.6 54 GAG? 
M. Ship Time..1h 28m 38s M.S. T. 1h 16m 53s 
G.T. by Chro. 6 24 38 with Lat. 36° 80’ N. G.T...6 24 38 with Lat. 37° 30° N. 

4h 56m O=Lovg. 74° 0’ W. bh im4bs—Long. 76°56" W 


The above positions being laid off on the Chart as before directed, and a line drawn through them, wilh 
be found to pass over the Light-House on Smith’s Island, near to Cape Charles, and as th Ship has been 
sailing on the line of bearing of Cape Henry, obtained from the last Altitude, no parallel line is required 
to be drawn nor Distance laid off in this case, because at the intersection of the two last lines is the true 
place of the Ship, at the time of the last Altitude. 

It now appears from the above that the Light-House on Smith’s Island bears from the ship W. N. W. 
nearly 12 miles, and Cape Henry W. S. W. true 22 miles. 


; pen if the Chronometer. is right, and the weather clear, these objects will soon beco ne visible from, 
the deck. ‘ ' 
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RATING THE CHRONOMETER. AT SEA. 


As Chronometers are frequently found to alter their rates after having beena few days on board, as 
explained at page 80, they should be verified from time to time during the voyage, or in other words, the 
Sea rate should be found at every convenient opportunity, which is easily done in the following manner : 
When a Ship is leaving port, if the weather permit, a set of Altitudes should be carefully taken with a 
Sextant, and the Times noted by Chronometer, or by the Watch, if found more convenient, in the usual 
manner of taking Sights, as explained at page 124, or at page 140, and the Sextant should be previously 
idjusted, and its Index error, if any, applied to the Mean of the Altitudes, (see page 73,) and the same 
Sexiant should be always used for taking the Altitudes for the purpose of rating the Chronometer, so as to 
insure a uniform result throughout the voyage. 

The Ship’s position at the time of the Sights must be carefully ascertained from Cross Bearings of objects 
on the land, by an Azimuth Compass, as directed at page 31, or by the Chart, at page 53. Butif Cross 
Bearings cannot be obtained, run the Ship into the Meridian of any Cape, Light-House, or other object on 
the land, the position of which is well laid down; that is, get it to bear True North or South, (the varia 
tion of the Compass being allowed for in advance, which can easily be done when the Ship is passing it,) 
and take a set of Altitudes at that instant indicated by the Compass. 

The Ship will then be in the Longitude of that place, and her Distance from itis the correction to be 
applied to the Latitude of the place to find the Latitude of the Ship, according as she is to the North or 
South of it: In working out the time in this case, we must use the seconds in the computation, and take 
out ile proportional parts of their Logs., and which is easily done by considering what proportion the num- 
ber of odd seconds bears toa minute, such as 30” is 4, 20” is 4, or 15 is of 60’. Then take the differ- 
ence between the Log. of the nearest preceding minute, and that of the following minute, and apply the 
corresponding 4, 4. or ¢ of this difference to the preceding Log. according as it is increasing or decreasing, 
or multiply the difference by the odd seconds and divide by 60, will give the proportion required. a 

The Mean Tine at the Ship is found in exactly the same manner, only it is more carefully done, The 
Ship’s Longitude being then turned into Time by Table XXVI, and added to the Mean Time at the Ship, 
in West Longitude, or ~substracted from it in East. will give the Greenwich Mean Time of the Observation. 
Then the Difference between the Greenwich Mean Time so found and the time shown by Chronometer at 
the time of the Observation, is the error of the Chronometer on Greenwich Mean Time, and is fast or slow 
accordingly. 

‘The error so found may differ considerably from that given by the Shore rate. However, note the Sea 
error so found, and the date of the Observation, and at the next favorable opportunity when land i is in sight, 
repeat the observation, and find the error anew. Then, if the two errors have continued the same after the 
lapse of several days, the Chronometer is running on Greenwich Mean Time, but if the errors differ, then 
the difference is the amount of what the Chronometer has gained or lost in the intervat between the ‘times 
of Observations, which divided by the number of days elapsed into seconds and tenths of seconds, will give 
the daily rate gaining or losing accordingly. 


EXAMPLE 
Of Proportioning the Logs. to the Odd Seconds. 


P. Dist..98° 20/ 20" Log. of 98° 20’ is 0.00461 98° 21’ Log. 0.004€3 Diff. 2 pro. for 20” is 1 Additive 0.00462 
Lat... .386° 10’ 28" Log of 36° 10’ is 0.09296 36° 11’ Log. 0.09306 Diff. 10 pro. for 23" is 5 Additive =0.09301 
H.Sum.77° 31’ 40” Log. of 77° 31’ is 4.33477 77° 32’ Log. 4.33420 Diif. 57 pro. for 40” is 88 Subtract 1.388439 
Diff. ...56° 58’ 45” Lov. of 56° 58’ is 4.92343 56° 59’ Log. 4.92351 Diif 8 pro, for 45’ is 6 Additive 4.92349 


This Example is merely given for the purpose of showing the nature of the proportions of the Logs. 
required fur the odd seconds, and which have a considerable effect on the time when working for the nearest 
second. In practice we just take the difference between the Logs. as they stand in the Table, and apply 
the proportions mentally as we write them down. This saves considerable time, and the learner, by a 
little exercise of his mental powers will soon acauire the habit of doine the same with ease 
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KATING THE CHRONOMETER AT SEA. 


EXAMPLE 1. 


March 10th, 1854. A Ship bound out from New York Harbor, observed the following set of Altitudes and Times 
by Chronometer ; her True Position at the same time being found from the bearing of the land, as follows. Required 


’ 


the Error of the Chronometer on Greenwich Mean Time. 


Sun's Obs Alt......-- .10° 15’ 20” T. by Ch.0h 16m 248 
. A. M....10 26 30 Aa hy (ed 

‘10 37 50 Or 18a ee 
879" 40" 3)52m 188 

Mo. of the Alt... .....-- 10° 26’ 33” Mnof Ts.0h 17m 26s 

index Error. ...--- Sub. 2 by Chron. 

Semid......- 16’ 7" ) 10° 24'*33” 

° , " ° 

DDT Ger t 9! 11” { Add 6 56 

True Alt....-seeess+ lu’ 31’ 29" 

Polar Dist......-+-+.-- 94 6 15 Log. 0.00111 


40 23 40 Log. 0.11827 


145° 1/24" 


72° 30' 42" Log. 4.47787 


61° 59’ 13” Log. 4.94589 

Ap. 1. at Ship....-... -7h 10m 128 Log. 9.54314 
Equa. ccc. eseeee Add 10 81 
Mn. T. at Ship .......7h 20m 433 
Long. in Time....... 4 55 40 
. 12h l6m 238 
Diese geeks le wON) 40 


‘vr. Mv. Time........ Ob 16m 23e 


Elevation 184 feet. 


Neversink Light-H. bore W. $ N.4 miles, or True West. 
Sandy-Hook Light-House N.W. 7 “ or “N.W.%W. 
The Float Light Vessel N. EK. 3 “ or “ North 


These Bearings laid off on the Chart gives the Ship's 
True position at the time of the Sights, 

Latitude in 40° 23’ 40" N. Longitude 73° 55’ W. 

And the Longitude in Time 4h 55m 408, 


Sun's Dee. at Noon...... 4° 6’ 30" S& Diff. 1h. .})59 


Correction ........ Sub, 15 15 
Correct Dec... . 4. ssa0n eee Boo 
90 0 O 


Polar Distance .........94° 6’ 15” 


Equation of Time...... 10m 318 ‘55 Diff. Ih. .4)665 
Correction. ....... Sub. 16 166 
Correct Equation ...... 10m dls ‘39 


Green. Time of the Observation. .Oh 16m 238 
Time of the Obs. by Chron. ....0 17 26 


Chron. Fast of Gr. Mean Time. . liu 368 Mareh loth 


EXAMPLE 2. 


March 25th, 1854. Wreck Hill, in the Island of Bermuda, in Sight, bearing 8. 4° W. by Compass, distant 10 
niles, and at the same time the Mean of several Altitudes of the Sun was 16° 19’ 25’, Index Error 2, subtractive, 
Mean of the Times by Chronometer 11h 36m 15s, and the Sun’s Magnetic Azimuth bearing S.78° KE. Required the 
Krror of the Chronometer on Greenwich Mean Time, its Rate since leaving New York on the 10th March, and the 


Variation of the Compass. Elevation 184 fect. 


Sun’s Obs. Alt......... 15° 19’ 25 A.M. Time by Chron.. 11h 86m 15s Bear. of Wreck Hill by Com. 8. 4° W. 
{Index Error ...... Sub. 2 0 Reckoned from Midnight. Var. of Com. per Azimuth.... 4 W. 
Semid..... ees LOUEt Hilbl T .25 7 . True Bear. S, 10! 
Dip 4/12), 7" 84’ ('Add.8. 30 Lat, W’k Hill 82° 16 N, Lon. 64° 55’ W 
Ref, 3° 22" : f 
True Alt.,....... ae seld (25 55" Log. 0.01595 Lat. of Ship ..32° 26’ N. in T. 4h 19m 408 
Polar Dist. ......... - 88 12 22 Log. 0.00021 88° 12’ 
Latitude ............ 32 26 0 Log. 0.07365 Log. 0.07800 Sun's Dec, Noon 1°48’ 7 N. Dif. 1h.59 
gO al Ss Correction... .Sub. 29 23 
Half Sum ........... 68° 2" 8" Log. 4.57291 68 2 Log. 4.57291 Correct Dec.... 1° 47' 38’ 
Difference....... «ee. 52° 86’ 13” Log. 4.90007 20° 10! Log. 4.97262 Polar Dist.....88° 12’ 22” 
App. Time ee tebe BG Th 8m 453 Log. 9.54684 9,63508=5h 28m 32s—True Azimuth S 82° 8’ E 
Equation,....... Add oe Mag-Azimuth 8.78 0 I 
Mean ‘Time: sCL iva oe Th 14m 543 Mag. Variat’n.. 4° 8’ 
Long. in Time ....... 4h19 40 - [ Westerly 


Green, Mean Time. ... 11h 341 348 Days elaps. 15 )38a( 2s 5-10th $ Daily Rate. Equa. of T. 6m 8s “46 Dif.1h. 763 


Time by Chron.......11 36 15 30 
Chro. Fast, March 25th, ‘Tm 41s 15)80( 

do. March 10th. 1 3 15 
Aveumulated Error... 383 


Corr...Add 38 
Corr. Equa. 6m $s 84 


Guining "384 


Ps (4 


Hence the Chronom eter is this day. March 25th, Fast of Greenwich Oh 1m 41s, and gaining 23 and 6-10th and 1-3d 


of a tenth per day. 


N LegteA acon for Rating Chronometers at Sea should be all taken in the morning, or else all in the afternoon 
because of the irregularity in the time deduced from the morning Altitudes when compared with those tuken in the 


sivrnoon. (See the Note at puge 141.) 


RATING THE CHRONOMETER, AT SEA. REST 
EXAMPLE 3 


April let 1854. A Ship off Cape Cod, bearing S. 9° W. by Compass 3 miles distant, in the evening observed the 
Sun’s Mean Altitude to be 6° 89 28". Ou the Prime Vertical, ludex Error 1’ 20'' Additive, Maguetie Azimuth 


S. 99° 20° W., and ‘Time by Chronometer 10h 22m 30s. Required the Error of the Chronometer on Greenwich Mean 
Time and the Magnetic Variation. Klevation 16 feet. 


Sun's Obe. Alt.......... 6° 39’ 28” Time by Chro. 10h 22m 30s. Bearing of Cape Cod by Compass ‘'. 9° W. 
Index Error...... Sen Gaay hey 20, | Magnetic Var'n.......0..e0006. 9 West'ly. 
Semid...... LGnlk ie 6°40’ 48” True Bearing South. . Dist. 3" 0” 0 

Dip.3' 53" ) _ 1 + oq" 20 Lat. Cape Cod..... » 242° 2/24 Lon 70% 38/18 W 
Rony a6” ¢ =H ao" Add 4 32 


Lat. Ship. .42° 5’ 24’ Int me 4h 40m 13s 


True Altitude....... Bae. 457 20) 3)! Log. 0.00302 

Polar Disinnce.......... 85 18 12 Log. 0.00146 85° 18 

WIG, ees ene es itt, .D 24 , Log, 0.12955 Log. 0.12955 Sun’s Decl. 4° 81/49’ N. 9iff 1h 58” 
| 134° 3! 56” Cor,...Add 9-59 103 
Half Sum....... ......67° 4 28" Log. 4.59055 67° 4’ Log. 4.59055 Cor. Dec.... 4° 41' 48” 9° 59” 
Difference...............60° 19’ 8” Log 4.93892 18° 14’ Log. 4.97763 Polar Dis. .85° 18’ 12” 

App. Time at Ship.....5h 40.0 32s—Log. 9.66048 9.70075=6h Om 56s=—=True Az. S. 90° 14’ W. 
Equation... 2.5 Add 8°52 Magnetie Azimuth....... 5.99 20’ W. 
Mean 7’. at Ship.......5h 44m 243 Eq. of T. 3m 59s ‘84 Dif. 1h 755 == Magnetic Variation........ 9° 6’ W'ly 
Long in Time........:4 40 18 Corr, Sub, 7 ‘80 105 

Time at Greeewich....10h 24m 37s Cor. Equ. 3m 523 *4 T'80°2 


“Time by Chron........10 22 380 


Hence the Chron. is 0h 2m %s Slow of Green. Mean Time. April Ist, and the Magnetic Variation 9° Westerly, 
and as the Magnetic Variation found by the Azimuth agrees nearly with that known to exist off Cape Cod, it may 


be concluded that there is no Local attraction in that part of the vessel where the Compass stcod when the Bearings 
were taken. 


EXAMPLE 4. 


April 21st, 1854. The Isle of Corvo, one of the Azores Islands, in sight bearing S.24° W by Compass Distant 
15 miles, in the evening the Sun's Mean Observed Altitude was 18° 38’ 9", Index Error 1’ 20" Additive, Time 
by Chronometer 7h 0m 59s, and the Magnetic bearing of the Sun at Setung was W. 39° 45° N. Required 
the Error and the Daily rate of the Chron., since leaving Cape Cod on the 1st of April, and the Magnetic Varia- 
tion. Elevation 13 feet. 


ns Observed Altitude,.. 18°38’ 9" Time by Chron. 7h 0m 598 


ndex Error..........Add 1 20 Bese fC by C . S. 94° W 
+3. ' "*\ 19° OQ! YOlf earing of CVorvo by COMPABS....---. 2H. 
pists 4’ 8" Wie i Ode ee Variation of the Compass. ......-.+e20+. 24 Westy, 
pRefiss io 2° 45" O83, V Add 94 True Bearing South. ..Dist. ; 15’ 0 
‘True Altitude............ 18°48" 33". Tanti Cv eae oe eee eae un ie 
Polar Distance..... Seer tS OP eae. U.009SL Lat. of the Ship.......... 39° 56’ N. In time 2h 4m 122 
Latitude....... cceccosee 39 56 0 Log. 0.11582 ete n ; ‘ 
136°48" 0” Sun’s Declination, Noon... 11° 50’ 86” N., Dif. Jh—51" 
i, Cotrickce's ads sje SG 5 57 ile 
Half Sum. .............. 68° 24" U0" Log. 4.56599 Ose tied f Tl° 66" 33” eB" 
Difference...... wesecenes 49° 35’ 27" Log. 4.88168 Pola Dita ere atcha 
Apparent Time at Ship... Sh 1m 27s—Log. 9.67245 k 
Equation.......... Sub. 1 24 ; y 
a nie ab Ship: Sree eave Of "Tim6.'s evaaatnas te oak bt 208). GO Die ena 
Long. in Time. , sen Se eo 4 12 a Oe eeceoeee oak px ge geen Bae re 
Mean Time at Green.....7h 4m 158 v1 Het eae a DE DETAR He Nea he hh 
eeey, Chrane ess FRO as Amey), Lat. 40° and Dec. 12° N. gives True Amp. W.15° 45’ N. 
Chr: Slow of G. April 21st 3m 16s Magnetic Ampli. at Sunset.............W.39 45 No 
Re aay eens Aprillet. 207 Magnetic Variation. .... wu nelses eens 24° Wes'ly 
Accumulated Error...... lm 9s 
60 
Days Elapsed...........20)69m (3s and 4-10th and 4 Daily Rate Losing, and Slow this day sm 16s. 
60 F 
20)90m (4 ; 
80 
; O(1 . 
' b0(5 


Nore.--In ascertaining the Ship’s position by this method, it is necessary to find the exact amount of Magnetic Vari 
tion due tu the place, and the Local attraction (if any) due to the Ship (See page 121) previous to the Sights being 
taken for Chronometer, so that the proper Variation may be allowed on the Compass bearing, for the purpose of indi- 
cating the time at which the Object bears True North or South. 

An error of this kind wiil cause an error in the Longitude so deduced, that is, the Ship will not be on the same Mere 
dian or in the Longitude of that place, and the greater the Distance from the Object the greater will be the error se 
‘auxed, and the nearer to the Object the less will be the error from that: cause. 
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EXAMPLE 6. 


September 7th, 1854. Ship off the Cape of Good Hope. The Magnetic Variation Observed from an Amplitude- 
at Sunrise was found to be 80° Westerly, and when the Lion’s Head bore N. 30° E. by Compass, Distant 80 miles, 
the Sun’s Mean Altitude was ovserved to be 11° 81’ 49’ in the Morning. Time by Chronometer 6b 8m 10s fron: 
Midnight. Required the error of the Chronometer on Green. Mean Time. Elevation 18 feet, 


Sun’s Observed Altitude.. 11°31’ 49” T. by Chr. 6h 8m J Os Bearing of the Lion’s Head......N.30°  E. 
Semid......... 15 55” Add 7.17 Reckoned from Mid’t. Magnetic Variation.............. 80 West’ly. 
D.4’ 8” R.4'30"=8 38 True Bearing North 30 miles. Ath 
Wiae Altituden. 000 83.0112. 89" 62 Lat. Lion’s Head. .33° 56'S. Long. 18° 24' KE. 
Polar Distance.....++++. 96 12 2 Log. 0.00255 Lat. of the Ship. ..84° 26'S. in Time 1h 13m 36s 
Biakitudes | so. 'eleetdveee's +) OF 26 0 Log. 0.08366 . 

Lb aha tt Ai Puneet Sun's Dec. Noon.........4.... 6° 6’ 26" N. Dif, 1h 56” 
PIMs IOs ore tic so Os ee Be 71, 8,84: Log. 4.5095, GOET, wos wesewesccoee Add. 5. 86 T. fr. Noon 6h 
Difference... ..+++eeeees 59° 29' 28” Low. 4.93528 Correct Decl... 6i ssc tenes ane Bog. 2" 60)336. 
App. Time at Ship....... 7h 14m 60s Log. 9.53100 Folar Distance. .s% scien eae 96° 12’ 2” hee 
HQUBE.. sie = 's disparage p> Sub. 1 57 
Mean Time at Ship...... 7h 12m 58s Equay of ‘Time... iu. oa, seas 2m 28°14 Dif. 1h ‘849 
Long in Time.......Sub, 113 36 Corr 7A ol. Aa Sablon 6 00 T Gemiaomanime 
Green, Mean Time....... 5h 59m 17s QGrrectiiqu..../.'.'s «nied aren ee lm 57s ‘5 5094 
Time hy Chron... .'...'..4:«6)''8 10 ; 

Error of the Chron....... 8m 58s Fast of Green Mean Time this day, September 7th, 
EXAMPLE 6. 


September 30th, 1854. Ship in Sight of St. Paul’s Island, in the Indian Ocean, the Variation of the Compasa 
as per Amplitude, being 21° Westerly, and when the centre of the Island bore S. 21° W. by Compass, Distant 26. 
miles, the Sun’s Observed Altitude was 8° 25’ 15” in the Morning, the Time by Chronometer being 1h 21m Qs, reck- 
oned from Midnight, or 13h 21m 2s from the preceding Noon. Required the error of the Chronometer on Green- 
wich Mean Time, and its rate since leaving the Cape of Good Hope on the 7th of September. Elevation 19 feet. 


Sun’s Observed Altitude ... 8° 25’ 15’’ T. by Chr.1h 21m 2s Bearing of St. Paul's Island.... .. 8. 21° W. 


Beraid Jie scien e Brae Add 8 38 Reckoned from Midt Magnetic Variation. .............6. S. 21° Wes'ly, 
Dip. 4' 15" R.6’ § =10' 23 ; True Bearing South...... 25 miles. 
True Altitudes ss. gis «sone 8° 30' 53 Lat. of St. Paul’s.... 38° 47'S. Long. 77° 52! E. 
Polar Distances iis apes sass 5 87 23’ 56’ Log. 0.00045 Lat of the Ship.... 38° 22’ S.in Time 5h 11m 288 
Lhtitude: .<8 eee 38 22' 0” Log. 0.10564 . 
134° 16’ 49” Sun’s Declination........... 2° 46’ 27" 8. Dif. 1h 58” 

Half Bunty ax ios onsinaeee (Ol 8 247 Log, 4.58087 0M iccont te eres se ae TY 
Peicenbe ce eh. 58° 87 31” Log. 4.98134 orrect Declination,........ on ya i on 
App. Time at Ship.........6h 36m 13s= Lg. 9.62681 Pete Tratance tae 87° 93° 66” 14 
Equation. .....ess000 sub, 9 49 aaa 
Mean Time at Ship.....--- 6h 25m 24s four 
Long. in Time. ...... 4 Sub.5 11 28 . 10 23 
Green Mean Time.......--1h 13m 56s idan of; rine. tic. we eee . 9m 57s ‘32 Dif. 1h ‘808 
Time by Chron.........++- 1 271 2 § Oort, er. Soe ee senees Sub. 8 ‘68 T. fr. Noon 103 
Chron. Fast, Sep. 30th...... Tm 68 Correct Equa.............. 9m 48s 69 8030 
Chron. Fast, Sep. 7th....... 8 53 401 
Accumulated Error......... 1m 478 200 

60 8'63'1 

Days Elapsed..... 23)107s(4s 6-10 and $ Daily Rate Losing, and this day, Sept. 30th, Fast of : 
92 Green, M. Time 0h 7m 6s. $ 
"23)150(6 
138 
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RATING THE CHRONOMETER ON SHORE. 


When a Ship is in Port, and the Sea Horizon visible from the deck, and the Sun is at a proper distanve 
‘rom the Meridian, the Rate of the Chronometer may be found ina similar manner to the foregoing 
Examples ; or the differenceof its Error on the Mean Time at the place, ascertained after the lapse of several 
days, will give 1ts Rate per day. When the Sea Horizon is not visible from the Ship’s deck, it may happen 
that good Sights can ve obtained from the Sea-beach. In that case, compare the Watch (with which the 
Time is intended to be taken) with the Chronometer, before leaving the vessel, and also on the return on 
board. If the comparisons are the same, then the Watch has no rate, but if they differ, the difference is 
the error of thé Watch in the interval. Hence its rate may be found, (unless the Chronometer has itself 
a very large rate,) a proportion of which must be applied to the Time by the Watch when tho Altitudes 
were observed. . 

The elevation of the Observer’s eye above the Sea-level must also, in this case, be carefully ascertained, 
in order to apply the proper correction for the Dip of the Horizon, found in Table V. An Example of 
doing this is not necessary, as it is worked in the same manner as in the preceding Examples. 


By the Artificial Horizon. 


The use of this instrument 1s fully explained at pages 77 and 78, and the manner of finding the Time 
is given at page 131. It is, therefore, considered unnecessary to give any more Examples of the same, and. 
we proceed to give a case of Rating the Chronometer from the Mean Time at the Place, supposed to have 
been obtained from either of the above methods. 


EXAMPLE 1. 
October 3d, 1854. A Ship lying in the Port of Rio Janeiro, her correct position by bearing was Latitude 22° 54: 


South, Longitude 48° 9’ West. At 8h30m 25s A. M. Mean Time at the place, a Chronometershowed 11h 33m 12s. 
Required ita Error on Greenwich Mean Time. 


Mean Civil Time at Rio Janeiro, October 8d............. areata 8h 30m 258 
Add,’.. 19h 207000 

Mean Astronomical Time, October 2d ........... MU seaiioes od 20h 30m 25s 

Longitude of the Ship 43° 9' W. in Time...............Add.... 2 52 > 36 

Mean Astronomical Time at Greenwich, October 2d ..........00. 23h 23m 1g 

Astronomical Time by Chronometer, October 2d ....:.....2ee00 23 33 12 

Chronometer Fast of Greenwich Mean Time ...........02-ee008 - Ob 10m 11s, Oct. 8d. 

EXAMPLE 2. 


Noy. 2d, 1854. At Rio Janeiro, Ship in the same position as before, the Mean Time at the place was 8h 10m 58 
A. M., the same Chronometer showed 11h 14m 7s. Required its Error on Greenwich Mean Time, and its Rate since 
October 3d, at which time it was 10m 11s too fast. 


Mean Civil Time at Rio Janeiro, Nov. 2d.....cecccccscccs 8h 10m 6s 
Add? <w2S4 50) oy Oy 
Mean Astronomical Time, Nov. lst....... eis. # Rise ates aes 20h 10m is 
Longitude of the Ship 43° 9’ W. in Time........ Add.... 2 52 36 
Mean Astronomical Time at Greenwich, Nov. lst.......... 23h 2m 41s 
Astronomical Time by Chronometer, Nov. Ist........... -. 23 14,7 
Chronometer Fast of Greenwich Mean Time, Nov.2d.........| 11m 26s 
do. do. Ost Sdor a 10 ll , 
Accumulated Ernoré osxied « eceece eeosreeeoroeecare Sereveees ae 15s e 
60 - a 
Nnmber of days elapsed .......... AW acs, acaipie ete tietavars ey retars ~80)75( 2s 5-10th Daily Rate gaining 
60 


The Chronometer is this day Fast of Greenwich lim 26s... )150(5 
And gaining 2 sec. 5-10th per day.........cceccccsccess 150 


0 
Norz.—In East Longitude, the Longitude in Time must be subtracted from the Mean Astronomical Fimo at the’ 


ay to obtain the Greenwich Mean Time; because the ‘ime at Greenwich must always be the least in East Longi- 
dle. an id 
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FINDING THE LONGITUDE BY CHRONOMETER. 


Having thus given all the various methods of finding the Longitude by Chronometer which are of prac- 
tical utility, and also the manner of Rating the same, both at Sea and on Shore, this part of the s ibject 
will be closed by the following Examples for Exercise. 


QUESTIONS FOR EXERCISE. 


Question 1st.—April 30th, 1854. (Noon at Sea.) In North Latitude, and 24° 30’ West Longitude, in the 
morning, the observed Altitude of the Sun was 22° 7’. Greenwich Time by Chronometer 8h 46m 10s, 
reckoned from midnight. Ship then sailed N. E. by E. (True Course) 35 miles until Noon, when the Sun’s 
Meridian Altitude observed was 68° 3’ South. Required the Ship’s Latitude and Longitude in at the 
time of the Sights, and also at Noon. = fi 

Answer.—Latitude 36° 13’ N., Longitude 25° 11’ W. at time of Sights, and Latitude 36° 32’ N., Longi- 
tude 24° 35’ W. at Noon. . 


Ques. 2d.—April 30th, 1854. (Noon at Sea.) Latitude observed at Noon 36° 32’ North. In the after.’ 
noon the Sun’s observed Altitude was 13° 48’. Greenwich Time by Chronometer 7h 7m 15s. Ship had 
sailed BE. N. E. (True Course) 30 miles since Noon. Required the Latitude and Longitude in at time of 
the Sights, and also the Longitude of the Ship reduced back to Noon. 

Ans.—Latitude at time of Sights 36° 43’ N., Longitude 24° 2’ W., and Longitude at Noon 24° 37' W. 


Ques. 3d.—March 26th, 1854. (Noon at Sea.) In South Latitude, and 66° 30’ East Longitude, by ac- 
count. In the morning the Sun’s observed Altitude was 25° 25’. Time by the face of the Chronometer 
3h 29m Is, or which, reckoned from the preceding Noon is, March 25th, 15h 29m 1s Astronomical Time, 
the Chronometer being 2m 24s fast of Greenwich Mean Time. Ship then sailed N. W. (True) 17 miles 
until Noon, when the Sun’s Meridian Altitude observed was 75° 20’ North. Required the Latitude and 
Longitude in at the time of the Sights and at Noon. 

Ans.—Latitude 12° 32'S., Longitude 66° 37’ E. at time of Sights, and Latitude 12° 20’ S., Longitude 66° 
24' 30” E. at Noon. 


Ques. 4th—March 10th, 1854. (Noon at Sea.) In North Latitude, and 60° 45’ West Longitude, the 
Sun’s Meridian Altitude observed at Noon was 47° 32’ South. Ship then sailed North East (True) 40 miles, 
and in the afternoon the Moon’s observed Altitude, Lower Limb, was 40° 32’ to the Eastward of the 
Meridian, andthe Greenwich Time by Chronometer was 9h 41m 21s. Required the Latitude and Longi- 
tude in at Noon, and also the Latitude and Longitude in at the time of the Moon’s Altitude. 

Ans.—Latitude observed 38° 14’ N., Longitude 60° 33’ W. at Noon, and Latitude 38° 42’ N., Longitude 
59° 57’ W. at the time of Sights. 


Ques. 5th.—April 7th, 1854. (Noon at Sea.) In North Latitude, and West Longitude, at twilight in the 
morning, the Meridian Altitude of the Star Vega was observed to be 79° 51’ North, and at the same time 
the Altitude of the Planet Venus was 24° 21’ to the Eastward of the Meridian, the Greenwich Time by 
Chronometer being 10h 15m 55s from midnight, or April 6th, 22h 15m 55s from the preceding Noon. 
Required the Latitude and Longitude in at the time of the Sights. 

Ans.—Latitude observed 28° 26’ N., Longitude by Chronometer 70° 5’ W. 


Ques. 6th.—February 10th, 1854. (Noon at Sea.) In North Latitude and West Longitude, at twilight 
in the evening, the observed Altitude of the Star Sirius was 12° 27’ to the Eastward of the Meridian, and 
the Greenwich Time by Chronometer was 10h 4m 41s, and at 1} hours afterwards the Meridian Altitude 
of the Star Alldebaran was observed to be 66° 16’ South. Ship had sailed on a true S, W. Course 12 miles 
ae interval. Required the Latitude in by Observation, and the Latitude and Longitude in at time of 

ights. ’ 

Ans.—Latitude observed by # Aldebaran 40° 1’ N. Latitude in at time of Sights 40° 10’ N., and Lon- 
gitude 68° 23’ W. at the time of the Sights. . 


Ques. 7th—A Chronometer which was 10m 14s Fast of Greenwich Mean Time at New York, on the 
10th of March, 1854, showed 3h 0m 53s, when the Mean Time at Calcutta was 8h 40m 10s A. M., on the 
12th of June, 1854, in Longitude 88° 17' E., or in Time 5h 53m 8s. Required its Error on Greenwich 
Mean Time, and its Rate since leaving New York. 

Ans.—Its Error on Greenwich Mean Time is 13m 51s. Accumulated Error 3m 37s. The number of 
days clapsed 94, and its daily Rate 2 sec. 3-10th gaining since leaving New York. © 


Nors.—In the above Examples the height of the eye above the Sea-level is supposed to be 17 or 18 feet. 
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THE LUNAR OBSERVATION 


Means the measurement of the Angular Distance of the Moon from certain Celestial bodies, and as 
the Moon is constantly advancing to the Eastward in the heavens, at the rate of about 1’ in 2 minutes of 
time, she overtakes and passes all the other Celestial bodies in her progress, they appearing to remain 
stationary in the heavens. 

The Moon’s distance from the Sun, and a few bright Stars and Planets, are calculated for the end of 
avery 3 hours, (except during about 6 days at the time of each New Moon.) and given in the Nautical 
Almanac for the Mean Time at Greenwich. The observation of this distance from any part of the Karth’s | 
surface, affords the means of determining the Greenwich Mean Time, the difference between which and 
the Mean Time at the Ship, is the Longitude in Time. This constitutes a Lunar Observation. . 

If the distance between the Moon and the other body were the same to the spectator, whether viewed at 
the surface or from the centre of the Earth, there would be nothing more todo than to measure the dis- 
tance, (with an instrument,) and to find from the Nautical Almanac the Greenwich Time corresponding to 
it, and to compare this with the Time at the place. But the Refraction of the Atmosphere has the ten- 
dency to raise the Sun, a Star, or a Planet, above its true place in the heavens, and the effect of Parallax 
_is to make them appear lower ; the latter has, however, very little effect, in consequence of their great 
distance. (See explanation given at page 67.) On the other hand, the Moon being near-the Earth, her 
Parallax in Altitude is greater than her Refraction, and which causes her to appear below her true place 
in the heavens. 

Hence the Apparent Distance between the Moon and the other body differ from the True Distance, as 
will be seen in the following Diagram. 


DIAGRAM, 
Showing the Effect of Parallax on the Lunar Distance 


Fic. 28. 


ASRR BLA TT ROMS $6 


As the Moon must always be raised, and the Sun or Star lowered, to obtain their true places, the Star te 
the right in the above Figure being higher than the Moon, it is evident that by raising her the True D)a- 
tance will be less than the Apparent Distance. 

Again, the Star to the left being lower than the Moon, by raising her the True Distance will be greater 
than the Apparent Distance. 

’ And it is evident from the above, that the difference between the True and the Apparent Distances 
depend almost entirely on the correction of Altitudes. 

It is therefore useful to bear in mind, as a check against gross mistakes, that the True and Apparent 
Distances cannot differ by more than the Sum of the Corrections of Altitude. Again, when the Moon’s 
Altitude is equal or less than that of the other body, the True Distance is less than the Apparent Distance, 
But the contrary does not always hold good when the Moon’s Altitude is greater than the other body. 
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THE LUNAR OBSERVATION 


18 the only independe1t method of finding the Longitude which is practical at Sea, and it requires great 
practice to measure the distance successfully. (See the Use of the Sextant, and the Remarks on Measur- 
ing the Lunar Distance, at pages 72 to 76.) And the application of so many small corrections as are neces- 
‘sary, when accuracy is required, even with extraordinary care and some skill, it is scarcely possible to 
arrive at extreme precision, although the observation may have been made on shore, with the best instru- 
ments ; and it is recorded by practical surveyors, and other scientific men, entitled to great credit, that. the 
Mean Longitude deduced from several thousands of Lunar Distances, taken equally on both sides of the 
Moon at one season of the year, have differed from 10’ to 12’ from the Mean Longitude deduced from an 
equal number of Lunar Distances taken in like manner at a different season of the year. 

And from my own experience in observing Lunar Observations at Sea, during the course of many years, 
J am entirely of the same opinion. 

The Lunar Observation is ceriainly an excellent mode of detecting any very gross error in the Chro- 
nometer, and is valuable on that account alone, and also for correcting the Dead Reckoning within certain 
limits; but I am satisfied that a Chronometer cannot be rated by Lunars at Sea, though some authors of 
Nautical works persist in the contrary opinion. 

The most rapid change of distance between the Moon and a body is 1° 48’ in three hours, and the effect 
of an error of 1' of distance is 25’ of Longitude, or that of 15’ error of Distance is 6’ of Longitude in the 
most. favorable case. ae 

An error in the observed Altitudes, however minute, also affects the True Distance. Then there are the 
errors in the Shades or Screens, and the parallelism of the Telescope, all which are explained at page 72, 
and rules given to correct them: and lastly the errors in the Tables, however small, from which the cor- 
rections are taken. e J 

It is usual to take Lunar Distances. both East and West of the Moon, and to take the Middle of the 
Longitudes so found for the True Longitude. This may compensate to a certain extent for some of the 
errors, but it may nevertheless be several minutes of Longitude from the truth. It is, however, more 
likely to be correct than either of the others. 

From the above facts it would appear that in general the Longitude by a set of Lunar Distances is 
liable to be in error, even with the greatest care and by the most practical observer. This error may not 
exceed 10’, and is in generai much less; but even this amount of precision is a very valuable acquisition 
to a Ship on a long voyage, and which may not have had an opportunity of verifying her Chronometer by 
the sight of land. For, if after several sets of Distances have been taken, both East and West of the 
Moon, and the Longitude deduced from each set differ considerably frem the Longitude by Chronometer, 
and they all pointin the same direction, that is, either allto the Eastward or all to the Westward of the 
Chronometer, it may be coneluded that the Chronometer is in error to the amount of nearly the difference 
between them. And in the case of a Chronometer thus changing its error and rate, it would be unsafe to 
trust to it during the remainder of the voyage. And as the following method of observing and working a 
Lunar Observation may be done with nearly as little time and trouble as that of finding the Longitude by 
Chronometer, and in the case of the Chronometer breaking down at Sea, the Longitude may be found 
sufficiently near for all practical purposes by the Lnnar method, bearing in mind that in Low Latitudes 
the Degrees of Longitude are large, and where an error of a few minutes of Longitude would be most con- 
spicuously seen, the weather is generally clear and fine, and the land may be seen at a considerable dis- 
tance off. 

On the other hand, in High Latitudes the Degrees of Longitude are small, and where an error of a few 
minutes of Longiy:de occupy only a small portion of space, or miles of Departure, consequently they would 
have Jess effect ¢ : the Ship’s Distance from the shore than it would in Low Latitudes. 
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THE LUNAR OBSERVATION. 


In taking a Lunar Observation, two assistants may be employed to observe the Altitudes of the objects, 
while the principal observer is taking their Distance, and a fourth notes the Times of each by a Watch 
or Chronometer. 

The Observation is then written down in the following order. (See page 76.) 


June 3d, 1854. In the Afternoon. Height of the Eye, 18 feet. 
Times by Watch. .2h 55m 56s Sun’s Altitude. . 49° 45" Moon's Alt, L. L.,..41° 10’ Dist.© and ) ..87° 41 20” 
2. 58 eg do. 49 17 do. 0 32 Tothe Westward 0 42 20 
38 0 4 do, 48 49 do. 0 54 0 48 20 
3)8h 54m 0 3)147° 61’ 3)96 3)127' 0” 


Mn. of the Times. .2h 58m 0 Sun’s Obs. Alt....49°17' Moon’s Obs. Alt... 


_ When no assistants are at hand, one person may take the whole observation himself; indeed it is more 
satisfactory to do so than to have to trust to others, because it is very rarely possible that the Altitudes of 
the bodies can be seized at the instant of taking the Distance. By adopting, the following method the 
observer will be independent of all assistants, and learn by experience to trusv entirely on himself in using 
the instruments with precision. 

Being prepared with two Quadrants to measure the Altitudes of the bodies, and a Sextant to measure 
their Distance, all previously adjusted, (or their errors known,) and a Watch to note the Time. Set the 
Index of the Sextant roughly to the Approximate Distance. (See page 74 or 75.) Set the Indices of the 
Quadrants roughly to the Approximate Altitudes of the two bodies. Then, holding the Watch in the hand, 
or place it where the movement of the second hand can be distinctly seen, take an Altitude of one of the 
bodies, (generally the one farthest from the Meridian,) at the instant the second hand of the Watch has 
completed the full minute, and note down the Time and the Altitude of that body opposite. Take up the 
other Quadrant and observe the Altitude of the other body at the time the second hand of the Watch has 
completed the next two minutes, and note down the Time and Altitude as before. Now take the Sextant 
and bring the Limbs of the objects in contact, at the instant the second hand of the Watch has completed 
the next two minutes, and note down the Time and the observed Distance. Shift backward or forward 
the Index of the Sextant 1’, (as directed at page 76,) and await the contact; note the Time and Distance 
down as before. Shift the Index again 1’ in the same direction, and note the time of contact as before, 
three Distances being sufficient. Take up the Quadrant and observe the Altitude of that body which was 
last observed, at the completion of the next two minutes, which note down as before, and finish with 
observing again the Altitude of the first body observed, at the expiration of the next following two minutes. 
Thus there will be a uniformity of Time between the Observations, which will render it easy to reduce 
tubem all to the Mean of the Times at which the Distance of the bodies were observed, as follows ° 


Form of Writing down the Observation. 


June 3d, 1854. T. by Watch 2h 52m 0s Alt. of theSun....... 50° 41" 0” Height of the Eye, 18. feet. 
2 54 0 Moon’s L. Limb.. 40 48 0 
2 55 56 Dist. Sun and Moon... 87 41 20 Sun West of the Moon. 
Mn. of Times 2h68m 0s.~ 2 58 0 do. 0 42 20 Mean Distance........ 87° 4% 20” 
i. a ae § do. 0 48 20 
3 2 O Alt. of Moon’s L. Limb 42 16 0 
neem O. Alt of thé Sun. 2... 47 53 0 


To Reduce the Altitudes to the Mean of the Times that the Distance was Observed. 


’ To Find the Sun’s Altitude. To Find the Moon’s Altitude. 
Time of Ist Alt. 2h 52m Alt. 50° 41’ T.1st Alt. 2h 52m Time of Ist Alt. 2h 54m Alt. 40° 48’ T. 1st Alt. 2h 54m 
“ odAlt3 4 £Alt.47 58 Mn.of T’s2 58 « 94 Alt.3 2 Alt.42.16 Mn.of T's? 658 
Say as 12m is to 2° 48’ Sois 6m Say as 8misto 1°28’ so0is 4m 
6m being half of 12m, and the Difference of Alti- 4m being half of 8m, and the Difference of Alti- 
tude being 2° 48’, the half of which subtract 1° 24’ tude being 1° 28’, the half of which addded 0° 44! 
ist Alt. Obs. (and decreasing) was..........--- 50°41, Tet ‘Alt. (increasing) was). 3.2) ue Ut ie 40 48 


Sun’s Alt. at.the Mean of the Times ..-........ 49° 17’ Moon’s Alt.at the Mean of the Times .......... 41° 39’ 
. Hence we have the following Observation : 
Mean of the Times by Watch. .2h 58m Os Sun's Alt...49° 17" Moon’s A. 41° 32’ Dist. © and p ..87° 42° 20” 
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TO FIND THE APPARENT ALTITUDES OF THE BODIES AND THEIR APPARENT 
DISTANCE. . 
© Add 19’ to the Observed Altitude of the Sun and Moon, and add their Semidiameter to the Observed Distance. 


Sun’s Obs. Alt...49° 17’ Moon’s Obs. Alt, L.L..41° 82’ Obs. Distance of Sun and Moon.......... 87° 42’ 20” 
12 12 Sun’s Semid.15' 48”’ )’s Aug. Semi, 15'21".Sum 31 9 


Sun’s App. Alt. .49° 29’ Moon's App. Alt. ... .41° 44 Apparent Central Distance...... elgepmtts 88° 13’ 29" 
June $d, 1854. At 2h 58m P. M,, Latitude in 30° North, Longitude, Dead Reckoning, 70° W., the Sun's Declina 
tion 22° 21’ North, the Moon’s Declination 12° 28’ N., given to Project the Figure. 
DIAGRAM OF A LUNAR, 
Drawn on the Plane of the Meridian. 
Fie. 29. 


ZENITH 


a3 


In this Figure the Sun is on the Prime Vertical. to the Westward of the Meridian, and his Hour Angle 
measured on the Equator gives the Apparent Time of the Observation, 2h 58m P. M. The Moon having 
nearly the same Hour Angle to the Eastward of the Meridian, appears to a spectator situated at a great 
distance to the Eastward of the Earth, (which is in the centre,) to be nearly in the same line of bearing, 
Jut the following Figure, drawn with the objects facing the spectator, will place them in a better point of 
view for showing the nature of the case. 


DIAGRAM OF A LUNAR, 
Drawn on the Plane of the Prime Vertical. 
Fig. 30. 
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In this last Figure both bodies are seen on the Prime Vertical, East and West of the Meridian, their 
Altitudes are laid off from the line of Chords, and their Apparent Central Distance measures on the scale 
88° 13' 29". Now, it is evident that by raising the Moon (which the correction for Parallax does) we 
bring the Moon nearer the Sun, while the correction for Refraction increases the Distance by lowering the 
bodies; but as the former has more effect than the latter, the Moon’s True Distance, according to the 
Figare, is less than the Apparent Central Distance. This quantity is found by the Rules given on the 
aext page, and which is termed Clearing the Lunar Distance. ; 


= This Correction is simply the Difference between tl idi : 16’ ip of the Hori x 
wc 4’, to be added when the Lower Limbs are taken. nF SD sian ane we ec eCl eS e Petter? : 
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TO FIND THE APPARENT ALTITUDES AND DISTANCE. 


Turn the Longitude by Dead Reckoning into time by Table XXVI, and aaa it to the Time at the Ship m 
West Longitude or subtract it in East. will give the Approximate Time at Green wich. Prefix the day of the 
month one day less than the Sea date, and call it the Greenwich Date. 

* Take out the Moon’s Semidiameter and Horizontal Parallax from:the Nautical Almanac and correct 
them to the Greenwich Date by Table XXIV, and to the Moon’s Semid. add her Augmentation, taken from 
Table VII. ; 

To the observed Altitude of the Sun and Moon’s Lower Limbs add 12’. But if the Moon’s Upper Limb 
be observed, subtract 20’, and if a Star be observed, subtract 4’. 

Take out the Sun’s Semid. from the Nautical Almanac and add both it and the Moon’s Augmentation 
Semidiameter to the observed Distance, will give the Apparent central Distance. 

If a Star be observed, add the Moon’s Augmentation Semidiameter to the observed Distance if the nearest 
Limbs be observed, but subtract it if the farthest Limbs be taken, will give the apparent Distance. 

If one of the bodies be at a sufficient distance from the Meridian, correct its Apparent Altitude for refrac- 
tion by Table IV, but if the body be the Moon, by Table XXV, will give its true Altitude, with which find 
the Mean Time at the Ship as usual; but if both bodies are too near the Meridian an Altitude taken after- 
wards will give the Error of the Watch on Mean Time at the Ship, which must be farther corrected for 
the Difference of Longitude in Time the Ship has made in the interval ; but it is much more convenient 
and correct to time the observation, so that one of the Altitudes of the bodies, (the Sun or a Star is pre- 
ferred) observed with the distance, may also be used to find the Time at the Ship. 


To Clear the Lunar Distance. 


RULE 


1. To the Pro, Log. of the Moon’s Horizontal Parallax, Table XXXIV, add the Log. Co-Secant of the 
Apparent Altitude of the Sun or Star, taken from the bottom of Table XXVII, and the Log. Sine of 
the Apparent Distance found in Table XXXI, their Sum will be the Log. of the first correction. 

-2. To the Pro. Log. of the Moon’s Horizontal Parallax already found, add the Log. Co-Secant of the 
Moon’s Apparent Altitude, taken from the bottom of Table XXVII., and the Log. Tangent of the Apparent 
Distance found in Table XXXI, their Sum will be the Log. of the second correction, - © 

3. Take the first and second corrections from Table XXXII, and place them underthe Apparent Distance. 

‘4. Take the third correction from Table XXXIII, and after applying to it the correction taken from Table 
P, on the same page, (which is only used when the Sun is observed) and place it under the Second correction, 
add all these corrections to the Apparent Distance, and their Sum, rejecting 10 degrees, will be the true 
Distance. : 


EXAMPLE 1. 


June 3d,1854. In Latitude 30° 0’ N., Longitude by Dead Reckoning 69° 54’ W., the Time by Watch was 2h 58m, 
Sun’s observed Altitude 49° 17’, Moon's observed Altitude L. L, 41° 32’, and the observed - Distance 87° 42" 20’. 
(See page 164.) Required the true Distance, the Green. Mean Time, the Mean Time at Ship, and the Longitude in 


Time at Ship. 2 .......5 2h 58m ©’s Obs. Alt.. 49°17’ )’s Obs. Alt....... 41° 32’ Obs. Dis...... 87° 42’ 20" 
Long. 69° 54’ W. in time 4 40 Add 12 Add 12 ©’s Semid.... 15 48 


Green. Date, June 3.... 7h 88m ©'sApp. Alt. 49°29’ )’s App. Alt...... 41°44’ D’s Aug.Semid. 15 21 
App. Dist..... 88° 1%' 29" 


Moon’s Hor. Par;:0°.55° 8777 Pro. Log....:0.5101.. 2... .ccceecencee . Pro. Log... 0.5101 )’s Sem. Noon... 15’ 8” 
Sun's App. Alt..49 29 0 Log. Co-Sec.0.1191 )’s App. Alt. 41° 44’ Log. Co-See. 0.1767 Corr. 74 hours... 3 
App. Dist...... 88°13’ 29” Log Sine.. 09998..........ceeeee2+- Log Tang... 2.5087 15’ 11” 
First Corree. 4 The fe ios 2 1.6290 AUR Yes sess 10 

Second Gis Ot ER ee eta sis ng «'40 6.0 + cine © Dee atienertd ak LA ase ihe: oes HOO) Rog. Send ; ... 15° 21" 
Third Corr.. 1 51 

i a 10°=87° 34’ 12” True Distance. Hor. Par. Noon. .55’ 24" 


Cor. 74 hours... 18 
Correct H. Par..55’ 37" 


- Note.—The manner of using the Tables for clearing the Lunar Distance are the same as usually done with others, anc 

requires no explanation, and in ‘lable XXXII directions are given on the face of the Table for taking ont and applying 
the corrections, and in ‘Table P also the precept Add or Subtract to or from the correction in Table XXXILI, are given 
on the face of the Table. 


* The Moon’s Semidiameter and the Horizontal Parallax are taken out forthe nearest Noon or Midnight, .and their 
Difference :n 12°hours found, with which we enter Table XXIV at the Top, and the Greenwich Time from Noon or Mid- 
night at the side, and at the angle of meeting is the correction te be Added or Subtracted, according as they are increaa- 
wg or decreasing. ! 
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HAVING THE TRUE LUNAR DISTANCE, TO FIND THE CORRESPONDING GREENWICH 
TI 


Find in the Nautical Almanac the two distances between wnich the True Distance falls. Take out tha 
first of these and set it down under the True Distance. and note down the hour taken from the head of the 
game column, and also its Prop. Log., found opposite in the Nautical Almanac. M 

Take the Difference between the two Distances thus set.down, with which enter Table XXXIV, and take 
out the Pro. Log. of the Difference ; from this, Subtract the Pro. Log. taken from the Nautical Almanac, the 
remainder is the Pro. Log. of a portion of Time to be Added to the Hour taken from the head of the 
column, and the result is the Greenwich Mean Time. 


True Distance previously found. ........02seeeeeeee 87° 34’ 12'’ which falls between VI and IX hours. 
Distance sat Vi Hours.sc 0) est kee pins 0 esate daeiae 86 48 23 Pro. Log. 8208 

Difference yn. c36'c oaks dela sees miehe ee 8 whee b's 04 se late 0° 45’ 49’ Pro. Log. 5942 ° 
Portion of “Time tory be AUudeds 0). 060 oslo se0 ddie se ore, lh 85m 55 Pro. Log. .2734 

To the Hour of the preceding Dist. N. A............ 600) f. 

Greenwich Mean Time, June 8-1...........0.eeeeeee Th 35m 558 at the time of the Observation. 


To Find the Mean Time at the Ship, and thence the Longitude. 


La 


‘he Sun being at a proper Distance from the Meridian, in this case, at the time the Distance was observed 
the Mean Time at the Ship is found from his Apparent Altitude, after correcting it for Refraction by Table 
LV, as follows : 


Sun’s App. Altitude......... 49° 29’ Gr. Date, June 3d, 7h 36m 0s, 


Ref, Table dT Visi’. ss visieies Sub. 1 ; . 
rn art Ae : 49° 98 Sun’s Declination Noon......... 22° 19’ N. Dif. 1h 18” 
Har Distance. /. oats ene eces 67 39 Log. 0.08392 Cor.. eh ele Add Bad ro! aa? 
atitude.......cescceseeeees 30 0 . Log. 0.06247 Correct Declination............ 22° 21° N.  60)126_ 
147°)! 90 0 2" 
Halt Sow wee was soe. Ss. 73°34’ Log. 4.45163 Polar Dist................. vee 67°39" 
. COL 
Difference. ..+.+++ecceesee 24° 6 Log. 461101 Equation Noon......... se cah ae 2m 13s ‘83 Dif. 1h 410 
App. Time at Ship...... 2h 58m 33s—Log. 9.15908 Cor. cas Bab. 3-07 "4 
Equa. of Time...... Sub. 2 10 é a Sy. es te 
‘ : ish Ath ial Correct: Mquag.ee pe aa. t cite 2m 10s °26 2870 
Mean Time at Ship...... 2h 56m 23s 205 
Green. Time by Lunar... 7 85m 55 3075 
Longitude in Time...... 4h 39m 82s==Longitude in 69° 53’ 0” West at about 8 P. M. 


The Difference between the Mean Time at the Ship and the Greenwich Time by observation is the Lon- 
gitude in Time, which turned into Space by Table XXVI, or it may be computed by the rule given at the 
bottom of page 140, and the result is the Longitude of the Ship at the time of the observation. 


REMARKS. 


If the times of the observation are taken by a Chronometer, or which is the same thing, the time of the 
Distance by Chronometer obtained from a comparison with the same Watch used in taking the times of 
the observation, and the Error of the Chronometer on Greenwich Mean Time applied to it, we have the 
Greenwich Time by Chron. at the time of the observation ; then if it agrees nearly with the Greenwich 
time found by the Lunar Distance, the correctness of the Chronometer is confirmed within certain limits : 
but should they differ considerably after several observations, it may be concluded that the Chronometer 
has altered its rate. 

The learner should practice measuring the Lunar Distance when in Sight of Land, or when his Longitude 
8 well known, and by that means establish a confidence in himself. But he must not feel discouraged 

hould it happen that his first attempts fall very wide of the truth, (as is generally the case,) but by a 
steady perseverance, and profiting by his former errors, he will, after carefully perusing the instructions 
given at pages from 72 to 76, soon acquire the habit of measuring the Distance tolerably correct. And it 
ts easy to know whether the Distance measured has been too great or too small by simply inspecting the 
columns of the Nautical Almanac and finding whether the Distance between the bodies is increasing or 
decreasing ; if increasing and the Greenwich Time by Lunar too great, when compared with the Green- 
wich Date, found as above, then the Distance observed has been too great by the amount of the Difference 
of Time, say as 3 hours is to the Difference in 3 hours, so is this Difference of Time to a proportion of 
Space, will give the amount of the Error. When the Distance is decreasing and the Greenwich Time by 


I.unar too great, then the Distance observed has been too small. and the amount is found in like manner 
and vice versa. (See the Rules on pages 168 and 169.) 
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FINDING THE LONGITUDE BY LUNAR OBSERVATION. 


Distance between the Moon and a Star. 


In the preceding Example the Sun’s Distance was observed W. of the Moon, and :n the following Observa- 
. tion thé Star’s Distance is observed East of the Moon, for the purpose of showing the manner of connecting 
the two Longitudes so deduced, in order to obtain the Mean of the two at the time of the last Observatiun. 


EXAMPLE 2. 

June 8d; 1854. On the evening of the game day as in the preceding Example, the following Distances were 
dbserved of Antares, East of the Moon, and East of the Meridian. Ship had sailed from Latitude 30° Nor th, and 
Longitude 69° 52’ 45’ West, by last Bundr: Course S. E. (tr ue) 40 miles. Required the Longitude in, and also the 
Mean of the two Longitudes, at the time of the last Observation. 

June 3d. Times by Watch.. ... Th 51m 80s Alt. of Antares........ 12° 57’ 0” 
“ “ 7 58 40 LL. Limbof the Moon... 60 27 0 


| < 7 55 465 Dist. remote Limb..... 85 35 40 

- Mean of the Times 7h 57m 45s..47 57 40 do. 0 34 40 } Mean Dist....85° 34’ 37” 
1 69 60 do. 0 33 30 
Bros le OO Alt: of the Mocnces.. si OU Tok O 


8 $8 59 Altitude of Antares....15 27 0 
The Altitudes j are now reduced to the Time of the Mean Distance by Pro. Logs. as follows: 
To Find the Star’s Altitude. To sible the Moon's. Altitude. 


A Hi. M. 8. ba M. 8: ll. M. ; 
T. of 1st Alt. 7 51 30 Ist Alt. 12° 57’ T. 1st Alt.7 51 30 T. of Ist Alt. 7 53 46 ist Alt. 60° 97’ T. 1st Alt. y $8 46 
“ 9d Alt.8 359 2d Alt. 15 27 Mo. of ‘I's 7 57 45 “ Od Alt. 8 158 2d Alt. 59 81 M.of ‘I's 757 45 


Then say as as 1229 isto 2° 30’ 80 is 6 15 Then say as 3 818 is to 56’ sois 4 5 


12m 29s Pro. Log. 1.1589 8m 18s Pro, Log. 1.3362 
Arith. Compli...... 8.8411 Arith. Compli. ..... 8.6638 
9° 30’ Pro, Log... 6.0792 0° 56’ Pro, Log... 0.5071 
61 15s Pro. Log. 1.4594 1st Alt. Obs. increas, 12° 57’ 4m 53 Pro. Log. 1.6448 1st Alt. Obs. decreas. 60° 27’ 
0.8797 Pro. Log. of the Corr. 1 15’ 0.8152 Pro. Log of the Corr. 0 28’ 
Alt. of Antares at the Time of the Mean Dist....14° 12’ Alt. of the Moon at the Time of the Mean Dist...59° 59 
To Find the Greenwich Date and the Necessary Preparations for Clearing the Distance. 
H. M. 8. 
Time at the Ship.. 7 57 45 CoS.E.40—D.L. 0° 28’ Dep. 28’==D. L. 0° 32’ 45” E. D's Sem. Mid. 15’ 13”” H.Par.55'45’ 
L. in 69° 20’ W. in T. AS70820 Lat. Left. o:%. 30 0 Lon. by Lunar 69 52 45 W. Aug. 13. Corr. i’ 
Gr. Date, June 8d, 12 85 5 Lat. In........29° 32N. “ brought on 69°20’ 0” W. AugSemid. 15’ 26” H.Par.55’46’ 
Alt. of Antares,...... , 14°19’ Alt. of Moon’s L. L,....59° 59’ Obs, Dist. Moon's remote Limb... 85° 34! 37” 
Dip for 21 feet. ...Sub. 5 Adds ivi Aes Semin se a, } oo). ciets Sub. 15 26 
%’s App. Alt......... 14° 7 Moon’s App. Alt. ..... 60° 11’ App. Central Distance.......... 85° 19’ 11” 
To Clear the Lunar Distance and Find the Greenwich Time. 
D’s Hor. Parallax... REO OO ZOR PE CG TOeNOGOSD. - veces. Wee Saeeie-. wae he Pro. Log......... 0.5089 
%’s App. Alt. .......00-- ey 7 O Co-See... 0.6128 p’s App. Alea ors 60°11" GCo-Secant 2) 229. O0617 
App. Distance.......+++- B5e 19 Uh Meine t's ORG, soca els wes ako is mina tat ans aie Tangent.) <0 seas 2.0866 
First Correction ........- 4 46 21..Log..... 2.1202 ‘ 
Seeond Corr we ee eereee 8 @ 5 3 58 eee etewee ere eee es eeseeeoeeveoeee8 @rsee eee eGeeeeeeeoeevneeee ee eee eee 2.6572 
COREY scree ss eas 0s 3 30 
True Dist.."...; Less 10°==85° 13’ 0” 
Dist. at Midnight, or XII, 85 29 55 Pro, Log. 0.2843 
Difference.......+.-- ad 16’ 55” Pro. Log. 1.0270 


~0.7427—= Oh 32m 38s portion of Time to be added 
to the Hour of the preceding Distance,N.A..12 0 0O 


Greenwich Mean Time 12h 32m 33s at the Time of the Distance. 
To Find the Mean Time at the Ship, and thence the Longitude. 
App. Alt. of Antares .... 14° if Gr. Date, June 3d, 12h 835m Sun’s R. Ascen..4h 44m13s Dif. 1h.10s12h 35° 


Corr, for Ref......-- Sub, “TIT a The ty Orbectiune Waa eae 2.45 

’s True Alt.....--+++-- a z Sun's Corr. R. A.4h 46m 183 

Polar Distance ......-+- 116 6 Log. 0.04671 Equa... 2m 133 

Latitude. ......+.+- --++ 29 82 Log. 0.06045 Corr.... 5 #'s Right Ascen,, 1854.... 16h 20m 248 

159° 41 Corr. Eq. 2m 8s 

PUMRT Ec gc os car cens 79° 50’ Log. 4.24677 %’s Declination, 1854....; 26° 6S 

Difference .....--+---es + 65 47 Log. 4.96000 90 0 
Hi. Ang. of % East 3h 85m 58s Log. 9.31393 #3 Polar Dist... > Geescllo 6 

of the Meridian 

x's R. Ascen.. = LO eee -Mean Time at Greenwich by Lunar.........eeeeeeee -e- 12h 82m 338 

R, A. of the Merid. _ 13h 44m 263 + Mean Time at SDID ae aac PREP ER on gle <e/sicmtiery Tiana (est Lomb 
Sun’s R. Ascen..... 4 46 18 Long, Dy LUpat, 3 \o.4,-\uei0s0 9 a6 reias ap,c4p © , 69° 8’ 15’ <= 4h 36m 33s 

Bye times .. .Gs ~ Th 58m 8s Long. by last Lunar brought ou by D.R.... 69 20 0 

Equation of Time .Sub. 2 8 4)i38"s 28/ 15" 

Mean Time at Ship. 7h 56m 03 Mean Long. by Lunar ....... 5 Aerts wee. 69° 14’ 7” W-at time of 


[last Obs 
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FINDING THE LONGITUDE BY LUNAR OBSERVATIONS. 


Distance Observed between the Moon and a Planet. ° 


EXAMPLE 8. 


July 8d, 1854. In Latitude 39° 25’ South, Longitude by Dead Reckoning about 80° East, at 8h 80m P. M., 
Apparent Time at Ship, the observed Altitude of the Planet Jupiter was 31° 35’ East of the Meridian, the observed 
Altitude of the Moor’s Lower Limb 88° 51’, and the observed Distance between the centre of Jupiter, East of tho 
Moon, and the Moon’s remote Limb was 102° 31’ 43’. Index Error 1’ 80", subtractive, and the Greenwich Mean 
Time by Chronometer, being correct, was 3h 14m 28s. Required the Longitude in by the Lunar Distance, and the 
Frror (if any) of the measured Distance. 


Prevaration for Clearing the Distance. 
Green. Time or Date, hy Chro., July 3d,._.. 3h 14m 288s Moon's Semid. Noon 15’ 31” and H. Par.........56' 49" 


Corr. Gr.Date 2” 7. 
Obs. Dist. )’s remote Limb............- 102° 81’ 43” Augm. 9 { Add 11 Corr, Gr. Date bi . 
Index Error......sese+eeeee-eee-Sub, 1380 Aug. Semid...... 15°42” Hor. Par.......+..56' 65” 
CE IGANCA ca sug ie pielosistt ke site ke Rie sul Ahad Si 
Moon’s Aug. emi eg eikess sels oe eReD, 15 42 Obs. Alt. Jup.... 9 he 35' Obs. Alt. D's SHE In; 38° 51’ 
Apparent Distance...........-see0es+. 102° 14’ 31" Dip...... Sub. A COIT I. \ore sip sis wore 12 


App. Alt. Jup... 81° 31’ App. Alt.of the D ... 39° 3” 
To Clear the Déstance. 


Ds Hors Parallax coi. swe «/- | 56155!" Pro. Log 0.50000 a5 5... +. soar eee Pro. Log. 0.5000 
Jupiter’s App. Alt............ 31 31 0 Co-Secant0.2817 D's App. Alt..... 29° 3’ Co-Sec... 0.2007 
App: Central Distance .. ...%.). 102° 147/31" Sines. 22 0.9900 f. 20... a ce ne -Tangent. 1.6637 
FitAtWIOrrection fares ts ote cte sipped 20 Oa atest ade aa oe 
MECOHUMORFECHON vatsis's dle se ee cy PUR OG TLD. he tg ne te oo 606 0 6 6'0 66.6 nie, bia aly omelet 
Third Correction 2 35).5  6..0 02. : 2 23 

True Distance, less 10° ....... 101° 38’ 40” 

Distance, N. A., at IlIh..... --- 101 46 12 Pro. Log. 0.2618 


Difference. .....++-eee-ee00-. 0° 7 32" Pro, Log. 1.8783 


p Pro. Log. 1.1165==0h 13m 46s portion of Time to be added 
to the time of the preceding Distance,N. A. ...3 0 0 


Greenwich Mean Time by Lunar. ...............000505. Gis is “3h 13m 468 


To Find the Time at Ship, and thence the Longitude. 


App. Alt. of Jupiter... 81° 31’ Green. Date.3h 14m 28s Sun's R. A. Noon... 6h 48m 34s Dif 1h. 108 3ph=e328 
Refraction....... Sub. 2 Corie ett Add. __si82 

True Alt. of Jupiter... 31° 29" East of the Meridian. Corr. R. Ascen... . 6h 49m 68 

Polar Distance ....... 68 21 Log. 003177 


Latitude..... bath sta Sk 39 25 Log. 0.11207 Jup. Dec...21° 39'S. Jup. R. Ascen.... 19h 44m 26s 

139° 16’ 90 0 Cor. Gr. Date. .Sub. 2 
Half Sum...... eee. 69° 88’ Log. 4.54161 Polar Dist.. 68° 21’ Correct R.A... . 19h 44m 238 
DVRTCRONICE <3 nie she 5 0's che 38° 9! Log. 4.79079 


Equa. of Time.... 8m 493°25 Dif. lh==w455 X31 °4" 
Cornsigecvd os Add Re 


Correct Equa.... 3m 50s ‘72 


H. Angle of Jup. E. 4h 25m 238 Log. 947624 
R. A..of Jupiter...19 44 28 
R. A. of the Merid.J5h 19m = 0 
Sun’s R. Ascen..... 6 49 6 


App. Time at Ship. 8h 29m 548 Greenwich Mean Time by Lunar......... - 3h 13m 46s 
Equa. of Time.Add © 3.51 Mean Time at Ship ...... eSrssedecsecscs 8 83° 45 x 
Mp. Time at Ship.. 8h 33m 45s Longitude in..... coe eee 79° 59’ 45" K=5h 19m 593 


To Find the Amount of Error in the Measurement of the Lunar Distance. 


Here the Correct Greenwich Time by Chronometer given being........ 8h 14m 283 


And the Greenwich Time by Lunar being ...... ewUierans ON et AA en 38 13 46 
Hence their Difference in Time is....... 42 sec. 


The Greenwich Time by Lunar being too small, and the Distance between the bodies decreasing, the Distanw« 
observed has been ‘too great, the amount of which is found as follows : ee? 
Take from the N. A. the Pro. Log. of the Difference of Distance in 3 hours, (already found,)... 0.2612 
Place under it the Pro. Log. of the Difference in Time, which is 42s—=2.4102 


Their Sum.... 2.6710 
is the Pro, Log. of a portion of Space, 0° 0' 28”, and which is the error of the measured Distance having been too great 


The error of the measured Distance may also be found, as before observed, when in sight of land, the 
position of which is well laid down, by first finding the Ship’s true position by bearings of the land, and 
turninz her Longitude into Time and adding it to the Mean Time at the Ship in West Longitude, or sub- 
tracting it in Kast, will give the true Greenwich Time. Then the comparison between this and the Green- 
wich ‘Time by the Lunar Observation, as in this case, affords the learner the means of judging of the 
correctness of his observed’ Lunar Distance. 

In observinz with the Planets, the usual practice at Sea is to bisect the middle of the Planet on the 
round limb of the Moon. This saves the trouble of allowing for the semidiameter of the Planet. 
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FINDING THE LONGITUDE BY LUNAR OBSERVATIONS. 
EXAMPLE 4. 


July 4th. 1854. In Latitude 40° 20’ S., Longitude at about 81° 30’ E, at 2h 52m Os PAM; Apparent Time at the 
Ship. the Sun’s observed Altitude was 15° 0’, the Moon’s observed Altitude Lower Limb 29° 11’, and the Sun’s Dis- 
tance West of the Moon 100° 12’ 24’, Index Error 2’ 30” Additive, the Greenwich Time by Chronometer, July 3d, 
21h 30m 8s, and which was known to be correct. Required the Longitude in by the Lunar Distance, and also the 
Error uf any) of the measured Distance. 


_ Preparation for Clearing the Distance. 


Green, Time or Date, July 3d.......... 21h 80m 3s Moon’s Semid. Mid....... 15’ 38’ and —_— Hor. Par. 57’ 14” 
(By Chronometer.) —— Corr. G. Date 6’’ Aug.8”, Add 14" Corr. G. Date, Add — 21 

free tet, iearest Limbs, .... 2.220.008 100° 12’ 24” Corr. Aug. Semid. ..... 15’ 52” Correct H. Par.. 57’ 35” 

MRO MTUUPOUS Secs cd oie so ob a's ee Add GU ea ed Mh RUE Ge etek dae 

ist, ‘ 1 el eee . 100° 14’ 54” Sun's Obs. Alt..... 5° 0° Moon’s Obs. Alt. L. L.. 

a alder ee al Ae ae be is *4q  Coftteness en Add" | -12/* Cont sage aaaaa Add 12 

BURA, SOT», Jigs a sles 'e 0 0s oie 01 15 52 Sun’s App. Alt.... 15°12’ Moon's App. Alt...... 29° 23’ 

OO SC ee Ane eee 100° 46’ 32” 


Clea ring the Distance. 
° 


Mion sibor Parallax... .. 6.0.00. 00s 5785!" Pro, boge0. 4950 Aart sepsis «bem .....Pro. Log...0.495u 
EOD ALNGO.: 0606s sce sve eso 15°12 Co-Sec. 0.5814 p's App. Alt......29° 23’ Co-Sec..... 0.3092 
PMMINYONG. DISLANCE.,.. 2. escccecscee 1007 /46.39'" Sine, Zc 9 02s cite We os ste sie picts muae rata Tang......1.7205 
a i ee 4 44 38 2.0687 

EMER OTPECLION, | c/s o/c e e'niae ace oo s 4S SEIS L? 5 since a cron eas mar tots aia eie oon inta eter oy adins «5's Gane 2.5247 © 
Pras Corrections......0...02.0626. 2 35 


True Distance..........+..1e88 10°==100° 28” 22 
Dist. Nautical Almanac at XXI hours. 100 18 12 Pro. Log. 0.2876 


Se OT co a bio ee 3b he's 0d vei s 15’ 10” Pro. Log. 1.0744 
Pro. Log. 0.7868== Oh 29m 25s Portion of Time to be Added. 
To the Hour of the preceding Dist. Naut. Almanac............ SLO oar 0 
BERRA LIMNGe OY) LUNAT as ois's s Ys 6 wc os secwiescecee wees. 21h 29m 25s 


To Find the Time at the Ship and thence the Longitude. 


mn Green. Date, July 8d... 21h 30m 388 Dee. Noon, July 4th...... 22° 64° N 
memes App. Alt. 5.......5.- 15° 12’ 244,050.00 Corn, for 229 oo tas Add 1 
Refraction. ........... Sub. ___ 3 Time from Noon, J uly 4, 2h 29m 578 22° 55’ N 
BIRR EUCHALL S 4.05 a'6is.0d'«\0.0 15° 9” 50. (0 
EMERG oicteln's: asia avais ss 0s 112 55 Log. 0.08571 Polar 2Disti. oo Oe 112° 65’ 
AS 40 20 Log. 011788 

168° 24" Equa. of T...4m 0s 1? if. 1h 441 
IRIE -o Ch us a\c cies sco « 84°12 Log. 4.00456 Corr. 24h, Sub. 1-10 Caeces 
Pie aa Ge Ege 69° 3’ Log. 4.97080 Corr. Equa...3m 59s 4 an 
. Time at Ship......2h 52 “9.19845 . an 
a of Time. . a . Add is 59 Re 1:10°2- 
M. T. at Ship, July 4th. 2h 56m 38s ‘ 
Add 24 0 0 Green. Mean Time by Lunar, July 8d......... 21h 29m 25s 
of July Sdseao es ce. 26h 56m 3s Mean Time at Ship, July 8d............ ... 26 66 8 
Longitude in by Lunar........ 81° 39’ 30’ E== 5h 26m 38s 


To Find the Amount of Error in the Measurement of the Lunar Distance. 


Here the Correct Greenwich Time by Chronometer given is .............++ 21h 30m 3s 
and the Greenwich Time by Lunar being...........+...-06- sinieiebiet la) 20 gin oO 


\ 


; Their Difference in Time is..... 38s 
The Greenwich Time by Lunar being too Small and the Distance between the bodies increas.» to Jigs. 
tance observed has been too Small, and the amount is found as follows: 


Set down the Pro. Log. of the Difference of the Distance in 3 hours (already found) 0.2876 
And place under it the Pro. Log. of the Difference 38s in Time........- 2.4536 
SLT@IP SOU 2 = ahalg «= 5 2.7412 


is the Pro, Log. of a portion of Space 0° 0’ 20”, and which is the Error of the Measured Distance, having be too 
Small. 


Hence the following Rule. 


Greenwich Time by Lunar too Great= Distance Observed is too Grsuv 
Greenwich Time by Lunar too Small= Distance Observed is too Smaki 

Greenwich Time by Lunar too Great= Distance Observed is too Sma}! 
; Greenwich Time by Lunar tooSmall= Distance Observed is too Great 
by the amount of the Error found as above. _ 


Lunar Distance Increasing. | 


Lunar Distance Decreasing 


170... , NAUTICAL ASTRONOMY, 
FINDING THE LONGITUDE BY LUNAR .BSERVATION. 
EXAMPLE 5. 


The Bodies being too near the Meridian the Mean time at Ship ts found A fterwards by an Altitude of the 
Sun, and showing the Manner of Applying it. 


August 15th, 1854, or August 14th, 17h 28m 0s Apparent Astronomical Time by Watch, in Latitude 10° 23' N. 
Lorgitude 20° 15’ W., the observed Altitude of the Star Aldebaran was 69° 24’, the Moon’s ‘Altitude L. Limb 
on the Meridian 83° 24’, and the observed Distance Moon’s nearest Limb 19° 15’ 6’’, Index Error 1’ 45% Additive, 
The Course and Distance made good was W. by S. 9 miles, until 18h 14m 28s Astron. Time by the same Watch, 
when the Sun’s observed Altitude was 5° 23’. Required the Latitude in by the Moon’s Altitude, the Mean Time by 
the Sun’s Altitude, and the Longitude in at the Time of the Lunar Distance, 


Preparation for Clearing the Distance. 


App. Astron. T. at Ship, Aug, 14th. 17h 28m Moon’s Semid Mid......... 15’ 15’” and Hor. Par. Mid... 55’ 52!" 
Long. 20° 15’ W. in Time....Add. 1 21 Corr. for 7 hours....... Sub. 3 Corr, for Th.....Sub. 13_ 
Greenwich Date, August 14th..... 18h 49m 15’ 12” Correct Hor Par.... 55’ 39” 
%& East of the Moon. Moon's Augiiee ee cn Add 16 

: oo Aue: Semid. a vee.. Riba Hae 15 27” 
Observed Distance nearest Limb..19° 15’ 6 
dndlex, | Iarronc we speeder. 72 Add 1 45 ys Obs, Altitude......... 69° 24’ )’s Obs. Alt. L. L.83° 24’ N 
Observed Distance Obrregeted :'4.7.19716' Br’ wDint (Cael Paik tne Sub. 4) arene aco Add 12 
Moon's Aug. Semid............ 15 27 se App. Altitude......... 9°90" D’s App. Alt.... 88°86" 


Apparent. Distance..............19° 82’ 18” 
To Clear the Distance. 


Moone Hoer.oParl, i... +160 89 Pro, Loz 0. 5008. scale pear Mc sa ie eae Pro, Log, 0.5098 
%'s App. Altitude.....69°20 0 Co-Sec.. 0.0289 )’s Apparent Altitude. ...83° 86’ Co-See. 0.0027 
App sDistance: oa... '. 19782187) Sine, 005 08944. i ee a ea Tang... .. 0.5502 
First Correction...-.. 2 24 20 Log..... 1.0681 . 
Becond Moorreculon wane Vl" SO 045, .. tule ie ee eal ole a. \aleipW'shafate. ary dis aisletn conse oo Mins en knee 
Third Correction...... Ba Oba | 

True Dis. less 10°..... 19° 32! 47/7 


Dis. N. A. at XVIIIh 19 57 36 Pro, Log. 0.8115 
94° 49" Pro, Log. 0.8605 
~ .5490= Oh 50m 51s Portion of Time to be Added. 
To the Hour of the preceding Dis. N. A....18 0 0 . 
Greenwich Mean Timeby Lunar...... eee hte loh bom 5 lay 


To Find the Latitude by Observation and the Mean Trme at the Ship when the Distance was Observed. 


Time by Watch..... 18h 14m 28s Sun’s Dee. Noon, August 15th... 14°6' N 

Sons. Obs, Altco tien. ee 5° 23’ Long. 20°15 W.in T. “1 21) ON Gort forth cvace eee “Add 3 
Corr.,...... veeeeeee-e Add 4 3 Green. Date... 2.3: 19h 35m 28s Correct Dec..... wRtareiee stad eran 14° 9 
Sun’s True Altitude........ 5° 26 Sun's Polar Dist?) u. .) waeeae 75° bl 
Polar Distance............ 75 51 Log. 0.01888 
Eantitnds ci d\ . 2% (she ote shlee 10 23 Log. 0.00717 D’s App. Mer. Alt. .88° 36’ N. 

91°40’ * Corr. for Alt. ..Add 6 Equa. Noon......4m 17s 
PAsioultee css. se. 20s + 045° 50! Log. 4.84308 Tram Alt, sass 83°49’ «Cor 4th......Add 2 
DierenGe soci s cs cc eee ee 40° 24’ Log. 4.81166 Zen. Distance....... 6°18’ 8, Correct Equa....4m 19s 
Appetimed-. is 4... 18h 12m 10s Log, 9.67529 Declination........ 16 41 N. 
Equa...........Add_ 4 19 Latitude in.......10° 23’ N. 
Mean Time.......... 18h 16m 29s at Ship. 


To Find the Mean Time at Ship at the Time the Distance was Observed. 


Take the Difference between the Times shown by the Watch or Chronometer at the Time the Distance 
was observed and the Time the Altitude of the Sun was observed. which call the Interval Turn the Dif- 
ference of Longitude (made in the Interval) into Time. and Subtract it from the Interval if Sailing West 
or add it to Interval when Sailing East, will give the Correct Interval. Subtract the Correct {Interval from 
the Mean Time obtained from the Sun’s Altitude, and the result is the Mean Time at Ship at the Time th 
Lunar Distance was observed : then the Difference between the Greenwich Mean Time found by Lunar an 
this Mean Time at Ship reduced back, is the Longitude of the Ship in Time. 


EXAMPLE IN THE ABOVE CASE, 


Mean Time at Ship... ......... Sei es 18h 16m 293 Time of Distance by Watch...........-- 17h 28m Os 
Dorrected Interval). 3 347 25 ene Sub, 45 52 Time of Sun’s Altitude by Watch....... 18 14 28 
Mean Time at Ship when" Dist. was Obs... 17h 830m 87s Measured Tnterval by" W ated pa cette s <0 46 28s 
Green, Mean ‘Time by Lunar, August 14th, 18 50 51 Course W. by. 8S. 9=D. Lon. 9’ W. in Time..Sub. #6 
Longitude in............ 20° 3’ 30’ W.= Ih 20m 14s Corrected Interval..........0. yt ope 4%r 5% 


If the Interval is great it will be more correct to measure the Interval by Chronometer, but if the Watch keer 
upiform Time, the Chronometer is not necessary. 


LUNAR OBSERVATIONS. 1 


FIN DING THE LONGITUDE BY LUNAR OBSERVATIONS. 


The Sun being too near the Meridian, the Time is found by the Moon’s Altitude 


EXAMPLE 6. 


August 15th, 1854, or Angust 14th, at 22h 30m Apparent Astronomical Time at Ship, the Moon’s observed 
Altitude, Upper Limb, West of the Meridian, was 18° 88’, Sun’s Altitude 67° 28’, and his observed Distance East 
of the Moon 91° 7” 44’. Index error 1’ 45’, additive. The face of a Chronometer at the same time showed 0h 
ld 23s. The Ship sailed S. W. (true) 15 miles until Noon, when the Latitude observed was 9° 56’ N., the Longi- 
tude by account at the same time being 21° 30’ West. Required the Longitude by Lusar Observation, and 
supposing it to be correct, the error of the Chronometer on Greenwich Mean Time, and also the Longitude by 
Lunar brought up to Noon by the Dead Reckoning. 


Preparation for Clearing the Distance. 
App. Time at Ship, August 14th,.... 22h 30m Moon’s Semid. Noon ....15’ 9/’ and Hor. Par. Noon.... 65’ 30” 


Long. 21° 30’’ W. in Time....... Add 1 26 Augment.....J.. Add 5 

Greenwich Date, Aug. 14th........ 23h 56m 14’ 14” 

Obs, Dist. nearest Limb .... 91° ‘7’ 44” 

SRMRRECTLOS 2 whew ca «4 Add 1 45 

Obs. Dist. corrected........ Sir. 9.129": 

Sun’s Semid........... Add 15 50 Moon’s Obs. Alt. Up. Limb...... 18° 38’ Sun’s Obs, Alt..... 67° 28" 

Moon’s Aug. Semid.... Add 15 14 Sub. 20 Add 12 

App. Central Dist ......... 91° 40’ 33” )’s App. Central Alt....... --- 18° 18’ Sun’s App. Alt..... 67° 40’ 
To Clear the Distance — 

Moon’s Hor, Parallax....... eeeee 0° 55’ 80” Pro. Log: 0.5110 Pro. Log. 0.5110 

Sun’s App. Altitude ............ 67 40 0 Co-See. 0.0339 )’s App. Alt.... 18°18’ Co-Secant 0.5031 

Apparent Distance.............. 91° 40’ 38” Sine 0.9998 Tangent 2.5340 

MMEPTPOTTORLION. ww ie oc uses ess a AO Ee bile et bOS47 

Second Correction ..........e,s- 4 59 30. . : ¢ : . ° ‘ . A 3.5481 

PPP GOLreChiON . 6 6. cee eee sce ce et rt 

True Distance, less 10°........4-. 90° 51’ 50” 

Dist. N. A. at Noon...... Van ncens 90 51 50 


0° 0’ 0” Green. Time, Aug. 14th... 24h Om 08, or Noon of Aug. 15th. 


To Find the Mean Time at the Ship, and thence the Longitude. 


App. Alt. of the Moon..... 18° 18’ Time by Face of the Chro. 0h 10m 28s. )’s R. A. Noon, Aug. 15th, 3h 16m 298 
Cor. for Alt, Table XXV, Add 49 
“SoC re 1h! SB . D’s Dec. Noon, Aug. 15th, 17° 38’ N. 
D's Polar Dist.......... 72 22 Log. 0.02090 Polat Dist)... 28 een 72 22 
oatitude ......00..000- 10 7 Log. 0.0068] 
101° 36" Suns R. A. Noon, Aug. 15th,... 9h 88m 349 

00 0 ae ier 50° 48’ Log. 4.80074 
Difference .........00%. 31° 41’ Log, 4.720384 Equa. of Time, Noon.... 4m 16s, 
pD’s H. A.West of Mer. 4h 52m 0s==Log. 9.54879 
p's R. Ascen....Add3 16 29 Course to Noon S. W. 15 miles D. Lat. 11’ Dep. 11’==D.Lon.—0°1}' 
R. A. of the Merid.. 8h 8m 293 Latitude Obs. at Noon..........- 9° 56’ N. 

Add 24-0 0 Lat. in at Time of Dist.........- 10°... aN, 


82h 8m 29s 
Sun’s R. Ascen..Sub. 9 88 383 


App. Time at Ship.. 22h 29m 56s Greenwich Mean Time by Lunar, Aug. 14th ........ 24h Om Os. 

Equa. of Time. Add _ 41716 Mean Time at Ship, Aug. I4th.............. Sa | 28 684 19 

Mean Time at Ship. 22h 34m 12s Done: in by; Dunars. 2a acalan. ante 21° 27' 0” We lh 25m 48 
Diff. of Loug. made to Noon........ Pigs Ua WV 


Long. in by Lunar, Noon .......... 21°38’ 0” W 


To Find the Error of the Chronometer. 


Time by Chronometer when the Distance was Observed. ... Oh 10m 283 Past Noon, Aug. 15th. 
Greenwich Mean Time by: Lunar 2. .......000. sce eeeece 0 O  O or Noon of Aug. 15th. 


Hence the Chronometer is Fast of Green. Mean Time...... Oh 10m 233 


In this case, if the Time at Ship had been found from the Sun’s Altitude, the error in the Time wovle 
be 8 seconds too great, the Sun being too near the Meridian. 

The Moon being the lower body in this case. by raising her the True Distance % 48’ 43” less than the 
Apparent Distance. (See Figure 30.) And as before observed, the Difference between the Apparent ana 
the ‘True Distance can never exceed the Sum of the correction for Altitude. (That is, the Moon's parallax in 
Altitude, found in Table XXV, and Sun or Star’s correction for Refraction, found in Table IV.) When 
the difference between the observed and the true Distance exceeds that quantity, it may be concluded that 
evils gross error has been committed in the Clearing of the Lunar Distance. 


a 


¥73 NAUTICAL ASTRUONOMY:. 


TQ COMPUTE THE ALTITUDES OF THE: OBJECTS AT THE TIME THE DISTANCE Was 
OBSERVED, 


Having the Correct Apparent Time, the Latitude of the Place, and the Approximate Longitude. 


}, sometimes happens at Sea, in taking a Lunar Observation, that the Altitude of one or both of the 
objec are lost in consequence of cloudy weather coming on. In that case, if the Apparent Time at the 
Ship, and the correct Latitude of the place are known, the Apparent Altitudes of the objects may be 
com, ated as follows : 


RULES 
To Compute an Altitude. 


1st. If the Time at Ship is not known, and a Chronometer at hand, (and its error on Greenwich known.) 
take tne Greenwich Time by Chronometer at the time of the Distance, from which subtract the Longitude 
in Tite in West, or add it in East Longitude, will give the Mean Time at the Ship. From the Nautical 
Almavwac take out the Equation of Time, and, apply it to this Mean Time the contrary way to what is 
directuu in the column for Apparent Time, and the result is the Apparent Time at the Ship at the time the 
Nistanve was ebserved. 

If an Altitude of one of the objects has been observed at a proper Distance from the Meridian, the 
Apparent Time ean at once be found from its Altitude. 

Or, the Watch may be corrected to Apparent Time by an Altitude taken either before or after the Lunar 
Distance has been observed. allowing for the difference of Longitude in Time, made in the interval, 

If the Apparent Time at Ship is A. M., add 12 hours to it; butif P. M., both will then be the Apparent 
Astronomical Time frem the preceding Noon, which must be dated one day less than the Sea account ; if 
the Civil day is used, and the Apparent Time is A. M., date it also one day less, but when P. M. date it 
the same as Civil Time. 


2d. Find the Hour Angle of the object, which, if it be the Sun, is the Apparent Time from the nearest 
Noon. If the object be the Moon or a Planet, tind the Greenwich Date as usual, and from the Nautical 
Almanac take out their Right Ascensions and Declinations, and correct them to the Greenwich Date ; but 
if the object be a Star, take out its Right Ascension and Declination from Table XVIII, and correct the 
Sun’s Right Ascension taken from the Nautical Almanac to the Greenwich Date. 

Add the Sun’s Right Ascension to the Apparent Time, their Sum (less 24 hours, if it exceed that quantity, 
will be the Right Ascension of the Meridian, the difference between which and the Right Ascension of the 
object in Time will be its Hour Angle; write under it the Latitude and the Declination of the object. 


3d. Then, if the Latitude of tle place and the Declination are both of the same name. that is, both North 
or both South, their difference will be the Mendian Zenith Disiance ; but if one be North and the other 
South, their Sum will be the Meridian Zenith Distance. 


4th. Add together the Logs. of the Hour Angle, found in Table XXIX, the Log. Co-Sines of the Latitude 
and Declination, from the top of ‘fable XXVIII, and the Log. Secant of the Meridian Zenith Distance, 
from the top of Table XXVII. The Sum of these 4 Logs., (rejecting 10 from the Index,) found in Table 
XXIX, will give an Arch in Time. ' 


5th. Turn this Arch in Time into Degrees, &c., by Table XXIX, and from the top of Table XXVII take 
out its Log. Secant, which add to the Log. Secant of the Meridian Zenith Distance, (already found.) the 
Sum will be the Log. Co-Secant of the True Altitude of the object, found at the bottom of Table XXVII. 


6th. As the Apparent Altitudes are used in correcting a Lunar Distance, it is necessary to reduce the 
True Altitudes thus found as above to the Apparent Altitudes. When the object is the Sun. Planet, or a 
Star, this is simply the correction for Kefraction, taken from Table IV, which must be added to the ‘True 
Altitude. Their Sum will be the Apparent Altitude. 

But when the objeet is the Moon, enter Table XXV with the Moon’s Trae Altitude at the side, and her 
Horizontal Parallax at the top, and take out her correction for Altitude. This subtracted from the True 
Altitude will give her Apparent Altitude. 


In the night time, at Sea, a Lunar Distance may often be correctly observed, while the Altitudes of the 
objects may be in great uncertainty from the obscurity of the horizon: and in the case of the Moon, in 
cloudy weather, long, dark shadows are sometimes projected on the Sea under her, which renders it Impos- 
sible to obtain her Altitude correctly. In that ease, the Altitudes may be computed by the above Rules. 
But it rarely happens that’a time cannot be chosen to observe the Altitudes correct enough for Clearing 
the Lunar Distance. as precision in the Altitudes is not necessary, and thus savine the heavy additional 
ealeulations of Altitudes in working a Lunar Observation. 


LUNAR OBSERVATIONS. 173 


TC COMPUTE THE ALTITUDES OF THE OBJECTS AT THE TIME THE DISTANCK WAS 
OBSERVED. 


« 


To Find the Sun’s Altitude. 


‘Suppose it was required to find the Sun’s Apparent Altitude at the Time of the Distance Observed in 
Example ist, page 166, the Mean Time at Greenwich by Chronometer being, June 3d, 7h 36m 0s, Latitude 
in 30° 0’ N. and Longitude 69° 54’ 15’ W., we proceed as follows: 


Green. Time by Chronometer, June 3d..... 7h 836m Os Sun’s Dee. Noon. 22° 19’ N. Equa. of Time Noon 2m 13a 


Long. 69° 54’ 15’? W.in Time........Sub. 4 39 87 Corr. for 74h. Add 2 Corr. for 74... Sub. 3 
BeeereE PAS LG SIPs Vutircina) bie aoe bee's» 2h 56m 23s Correct Dec..... 22° 21’ N. Correct Equ...... 2m 10s 
Equa. of ‘Time....... we teen eee ee ee Add 2 10 

Appa-ent Timeat Ship .......00 eseeeee 2h 58m 83s Log. Table XXIX..... 9.15902 

MPMRTOCMAAL ICI tr <tshlg's oe cio sins sxe ols ols ss 22°21’ N. Co-Sine Table XXVIII 4.96608 

Eg AR oe Se 30 O N. Co-Sine Table XXVIII 4.93753 

Meridian Zenith Distance.............+. Mey Went Sec. Table XX VII 6.00388. ..0.00888 

Arch. in Time...... PURPA ae ales a tys 6 2h 39m 42s Log.....Table XXIX 9.06651 

Turned into Degrees by Table XXVI.....39° 56’....,. See.....Table XXVIL at Top...0.11532 

eum. rue Altitude... 050.6... SOL Wey. ey mer Co-Sec..Table XX VII at Bottom 0.11920 

Peerage PADI LV ey Bock s a die cee e's Add eh 

Suv’s Apparent Altitude....... ipa ee iO OU! 


To Find the Moon’s Altitude. 
Required to compute the Moon's Altitude at the time of the Distance observed, in Example 2d, page 167, the) 
Apparent Time at Ship being, June 3d, 7h 57m 45s, the Latitude in 29° 32’ N,, and Longitude by Acct. 69° 20’ W. 
to find the Moon’s Apparent Altitude. 


® % 
App. Time at Ship, June 3d...7h 57m 45s App. Time at Ship.........7h 58m Sun's R, A. at Noon. 4h 44m 1ds 
MACE BCOS iio ete e esse 4 46 18 Lon. 69° 20’ W.in Time Add 4 37 Corr, for 12h 85m Add 2 = 5 


R, A. of the Meridian........12h 44m 03s Greenwich Date, June 3d..12h 35m Sun's Correct R. A.. 4h 46m 183 
Moon’s R. Ascen..... 2.066 rie St Soe PDA 


Moon's Hour Angle ........ 1h 38m 50s Log.... Table XXTX 8.66664 it Pie mien ve Fi i 
Moon’s Declination. ...... 4. 11° 27' N. Co-Sine Table XXVIII 4.99127 D's Coprast Ro Ali eee 
oa) eae 99° 32/ N. Co-Sine Table XXVIII 4.93955 ¢ Correct R. Av. 11h 5 13s 
Meridian Zenith Distance..... 18° 5 See--+- Table XXVII_ 0.02200 0.02200 | 

BERG RO WTI ence ks ss 1h 84m 11s Log.... Table XXIX 8.61946 
Turned into degrees by Tab. XX VI 23° 33’ Sec... Table XXVII at Top 0.03777 )’s Dee. Mid.. 11°35’ N 
Moon’s True Altitude Se 60° 38’ Co-See. Table XX VII at bottom 0.05977 Corr. 35m. «Sub 8 
Corr, for Alt. Table XXV,Sub. 27 D's Corr. Dee. 11°27 N 
Moon’s Apparent Alt........ 60° 11’ at Time of the Dist. See Ex. 2d, page 167. 


To Find a Star’s Altitude. 


Require: to compute the Altitude of the Star Aldebaran at the Time of the Distance. in Example 5th, page 17%», 
the Apparent Time at Ship being, August 14th, 17h 28m Os, the Latitude in 10° 23’ N,, and Longitude by Acct. 
20° 15’ W,, to find the Star’s Apparent Altitude. 


App. T-at Ship, Aug 1ith....17h 28m 0s App. Time at Ship...... 17h 28m Sun’s R.A.Noon, Aug. 14, 9h 34m 48s 
PHT 6 1a BGC he ew cle w dum 0 9 87 58 Long. 20° 15 W. in T.. 1 21  Cor.for G.Date18h49m Add 3 10 


27h 5m 58s Green. Date, Aug. 14... 18h 49m Sun’s Correct R. A.....9h 371m 58. 
sub. 24 0 0 , 


R A. of the Meridia...... 8h 5m 58s e's R. A. Tab. XIX... 4h 27m 82s 
seer. Fos ASCII, nce ce datas ae COND Sw 3 we ai 
eee viour Angles. vegseens Ih 21m 343 Log. Table XXIX 8.49601 “k's Dee. Tab, XIX... 16°. 12' N 
#3 Declination. ........... 16°13’ N, Cuo-Sine Table XX VIIT 4.98237 
RR RE SE .10 23'N, Co-Sine Table XX VIII 4.99283 
Meridian Zenith Dist....... 5°50) - See++- Table XXVII_ 0.00225==0.00225 
Bred Tile... ..s2+s ean 1h 19m 27s Log... Table XXIX 8.47346 
‘Jur. into degrees by T. XX VI 19° 52’ ..,, See... Table XXVIT at Top... .0.02665 
Pe iroe Altitude. ........ eat Bika | LAA de x Yable X TT Aomert 
“aunt Cea ye Co-See. Table XX VII at bottom 0.02890 , 
3%’s App. Altitude......... 69°20’ at the Time of the Dist. See Ex. 5, page 170, 


It may be remarked here that considerable care is required in correcting the R. A. and Declinations to the 
Green. Date, and also in having the Apparent Time correct. especially when the object 1s near the Prime 
Vertical, but an Error in the Latitude at that time will not much affect the result, and when the object is 
near the Meridian any probable Error in the Time evill not much affect the computation, but an Error in 


the Latitude will cause nearly an equal Error in the computed Altitude. 


Notre.—An Error of 2’ or 3’ in the Altitude of a Star has more effect in producing an Error inthe Truo Lunar 
. * x . rn) s } * si ‘ r . 
Distance in some cases than an Error of 10/ in the Moon’s Altitude would have. his is important to bear in mind in 
working a Lunar Observeiion. 


174 NAUTICAL ASTRONOMY. 


FINDING THE LONGITUDE BY LUNAR OBSERVATIONS ON SHORE. 


A Lunar Observation may be taken on Shore by the aid of an Artificial Horizon for observing the Sun» 
Altitude (see pages 77 and 78) only; the Altitude of the Moon can be computed by the preceding rules, 
and the observations should be taken when the Sun is at a proper Distance from the Meridian with the 
v.ew of obtaining the Time at the place, from the same Altitude observed with the Distance. 


The Observation. 


Gdmputé the Approximate Distance as directed at page 74, ready for use, and proceed first to obsorv6 ax 
Altitude of the Sun in the Artificial Horizon, note down the Time and the Altitude, set the Index of the 
Sextant to the Approximate Distance, and when brought into the field of view bring the Limbs in contac., 
note down the time and the observed Distance, proceed to take any odd number of Distances and their cor. 
résponding Times, as recommended at page 76, and finish with an Altitude of the Sun, noting down the 
Time as before. 

Find the Mean of the Times of the Distance and the Mean of the Distances, and the Difference be- 
tween the Times of the Altitudes and the Difference of the Altitudes; then say, as the Difference of the 
Times is to the Difference of the Altitudes, so is the portion of Time between the Time of the first Altitude 
and the Mean of the Times of the Distance to a portion of Altitude, which Added or Subtracted to or from 
thé first Altitude, according as it is Increasing or Decreasing, will give the Sun’s Altitude at ihe Time of the 
Méan Distance. 

Having the Sun’s observed Altitude, the Latitude of the place (which may be obtained in like manner by 
the Sun’s Meridian Altitude, see page 92.) and the Approximate Longitude, proceed to find the Apparent Time 
as in the Examples at page 131. 

Having the Apparent Time at which the ‘Distance was observed, compute the Moon’s Apparent Altitude 
(by the ule at page 172), and proceed to work the Lunar as before : | 


EXAMPLE OF WRITING DOWN THE OBSERVATION 


September 26th, 1854. At 3h 57m 15s P. M. Mean Time at New York, in Latitude 40° 42’ 42” N., and Longi- 
tude 74° 0’ 15” W,, the following observation was made to find the Longitude. 


Time per Watch............. 8h 53m 0s Alt. Sun’s L. L. Art. Hor, 41° 32’ 0” 
3 55 10 Dis. of Sun and Moon... 55 13 10 Mean Dis..... 55°14’ 10” 
Mean of the Times 8h 57m 158.4 8 57 25 do. do. O14 AG Index Error..Add 50 
3 59 10 do, do, 0 15 10 ) Obs. Dis...... 55°15’ 0” 
4 At 28 Alt Sone Tol. bono. SR eas 0 


To Find the Sun’s Altitude at the Time of the Mean Distance and thence the Time at the Place. 


Time of the lst Alt..... 83h 53m 0s Ist Alt. 41° 32’ Time of Ist Alt, 3h 53m 0s 8m 28s Pro. Log..... 1.3276 


do. 2d Alt... /4) 92 28 2d Alt. 38 83 Meanofthe T...3 57 15 Arith. Co..... .... 86724 
Say as 8m 28sisto  %2° 59’ Sois 4mlb5s 2° 59’ Pro, Log.... 0.0024 
° 4m 15s 16269 
Sun’s Obs. Alt. Artif, Hor, 40° 2’ 8’ Time by Watch.... 3h 57m 15s 1°29’ 52”==Pro. Log... 0.8017 
Index Error. ..... . Add 50 Long. 74° W.in Time 4 56 = 0_ Ist Alt. 31 82- 0 Decreasing. 
Observed Angle....... 3)40° 2’ 58” Greenwich Date.... 8h 53m “0s Obs.Alt.40° 2 8” at Time of Dist. 
Alt. of Sun’s L. Limb.. 20° 1’ 99” Sun's Declination Noon.... 1° 12’ 52” S. Dif 1h 58 
Sun’s Sem. 16’ Ref. 2’ 29"== 13 81 glOIPe eee cece eee e ees Add. 8 42 G. Date i) 
Sun’s True Altitude...... 205 157" 0"! Correct Declination....... Tor 34", 60)522 
Polar Distanee.......... 91 21 34 Log. 0.00012 90 0 O Bl 49” 
Latitude... ..,.0...ee0. 40 42 42 Log. 0.12033 Polar’ Distance 91° 21’ 34" 
152° 19’ 16” eee eer eee ee 
Half dais ess; s+ 76° 9’ 38'" Log. 4.37876 Equation of Time, Noon. 8m 87s ‘87 Dif. 1h °840 
Difference..........0.... 55° 64’ 38” Log. 4.91812 Correction........... Add q 56 G. Date 9h 
App. Time at Place..... 4h 6m 0s =Log. 9.41783 Correct Equation 8m 45s °43 ets 


Equation of Time...Sub. 8 45 


Mean Time at Plaee:.... 8h 57m lds 
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TO FIND THE LONGITUDE BY LUNAR OBSERVATIONS ON SHORE. 
Having the Apparent Time, to Compute the Moon’s Altitude at the Time of the Distance. 


App. Time at place. .: 4h 6m 0s Green. Date, Sept. 26th, 8h 58m 0s. D’s R. A. at Noon 15h 26m 42s 


Sun's Right Ascen.....12 12 33 ~ At Midnight...... 15 54 24 
R. A. of the Merid. .. 16h 18m 33s Sun’s R.A. 12h 11m 12s Dif. Lh: 9s Diff.in 12 hours... Oh 27m 42s 
ee te ASCGI, «0. a:0.0 liedh. 1 Cort. 5. Adds) 14421 9 Diff. 12h. Pro. Log.. 1.1761 
g's Hour Angle..... Oh 31m 21s Log. 7.66891 R.A...12h 12:n 338 + 60)81s Arith. Comp....... "8.8239 
>’s Declination...... 20° 30’ S. Co-Sine 4.97159 Im 21s 27m 42s Pro. Log.. | 0.8128 
Bahitudeis cs sis. os. < 40 43 N. Co-Sine 4.87964 G. D.8h 58m Pro. Log. 1.8067 
D’s Mer Zen. Dist... . 61° 13’ ...Secant 0 31740—=0.31740 Corr, sei tether 20m 30s—=0.9434 
Arch in Time.... Oh 88m4s=— Log. 7.83754 R. A.....15h 26m 423 
In degrees........ 9° 31’ == Secant........ 0.00602 D’s R. A. 15h 47m 128 
Moon’s True Alt. ..... 9899] eee. CO-SEGb os via-ve'e 0.32342 D’s Declination, Noon....:. 18° 53’ S. 
Corr, Tab. XXV,..Sub. 0 49 Corr. G. Date 9h ...... Add 1 87 
Moon’s App. Alt...... 27° 32' at the Time of the Distance. D’s Correct Dee. ...... ee. 20° 80°S. 


’ Hence we have the following Observation to Clear the Distarce and find the Longitude : 
Mn, Time at the place 8h 57m 153s Sun's Obs. Alt. 20° 1’ )’s App. Alt. 27° 32’ Obs, Dist. 55° 15’ 0” 


Mean Time 3h 57m 15s Sun’s Obs. Alt. 20° 1’ )’s Semid., Noon 15’ 53’" Hor. Par. 58/ 12" 
‘Lon. 74° W.in Time 4°56 0 Semi. Add 16 Corr. 2" and Augm., 8” 10 Corr. G.D. 8 
Gr. Date, Sept. 26th 8h 53m 15s Sun's App. Alt. 20°17" )’s Aug. Semid. .... 16’ 3 )’s H.Par. 58" 20” 
Sun’s Semid......... . 165 0. 
Obs. Distance..... e200) 150.0 
App. Distance...... 55° 47’ 3" 

_Moon’s Hor, Parallax......-- 58’ 20" Pro. Log. 04894 . : ‘ Pro. Log. 0.4894 
SCA Ds Albis. ap inrneste as 20:17, 0 Co-Secant 0.4601 )p’s App. Alt..27° 82’ Co-Secant 0.3351 
App. Distance wnivd'swele weave ea 4 55° 47’ 3" Sine eecoee 0.9175. eeeserecee ecoeeeecevece Tangent 1.1678 
Paret Correction ~ ..00.c0s005 ANE eGo vee tie.) s+mt- O10 * 
Second Correction .........6- 5 18 20 : : ° : : 1.9920 
Third Correction. ..4. +0000 0 1 2i Ws 
True Distance......... 3 ROO ASLO 
Diet, N. A. at Vih.........6. 54 10 41 Pro. Log. 0.2769 
BRMMER ONCE 0 5%) 5s «ehh cw has oss 1° 31’ 35’ Pro. Log. 0.2935 


Pro, Log. 0.0166=-2h 53m 16s portion of Time to be added 
to the Time of the preceding Distance, N.A, 6 O 0 


Greenwich Mean Time..... ...-00- 8h 53m 16s 
. Mean Time at the Place......... ove Oo Ol eke 
Longitude of New York in Time..... 8h 56m ls=74° 0' 15" W. 


Another Example of this method is not necessary, as all the various cases are already given of finding 
the Longitude by Lunar Observations, and it will be perceived that this is exactly the same, except in the 
use of the Artificial Horizon, where no correction for the Dip of the Horizon is required in finding the 
Apparent Altitudes. 

A person thus having a good Sextant, an Artificial Horizon, a Nautical Almanac, and an Epitome of 
Navigation, which together will form an excellent portable Observatory, he may, by the aid of a Compass, 
travel far inland, remote from human habitations, and be able at any time, when the Sun, Moon, and Stars 
are visible, to find his position ; and although the Longitude is required to be known with some degree of 
precision, in order to find the Greenwich Date, for the purpose of correcting the quantities taken from the 
Nautical Almanac, it may be remedied by working the Lunar over again, using the Longitude so foung 
in the room of the Approximate Longitude first used, to find the Greenwich Date, and’ to correct the quan. 
tities taken from the Almanac anew. . 

Then, suppose he wishes to know in what direction any given place on the Sea-coast lies, the True 
Bearing and Distance can be found by Mereator’s Sailing. 

The Variation of the Compass can be found at Noon, when the Sun is on the Meridian, by simply fixing 
@ wooden pin ina perpendicular position on the side of the compass-box, so that the shadow will be thrown 
over the centre of the card, this will be the True Meridian line, the difference between which and the 
North or South points of the Compass is the Variation. (See the Note at page 118, and the Diagram at» 
page 119.) Or, if the Sun is too near the Zenith, it may be found in the morning or evening by an ampli- 
tude, that is, if the surface of the ground is level and not very high above the Sea. (See page 116.) The 
variation so found and applied to the True Rearing, will give the Compass Bearing of any given place 
required. 
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FINDING THE LONGITUDE BY OBSERVING THE MOON’S DECLINATION. 


When the Moon and a Star are on or near the same Meridian together, the Longitude may be found by 
measuring their Distance ; because the Star’s correct Declination being given in the large Nautical Almanac 
the Moon’s Declination can be deduced therefrom. 

The Greenwich Time corresponding to this Declination, taken from the large Nautical Almanac, and 
compared with the Mean Time at Ship at which the Observation is made, gives the Longitude of the Ship. 

And as the Moon changes her Declination at the rate of about 14’ in 1 hour of ‘Time, when near the 
Equator, an error of 1’’ in the Observed Declination will produce an error of 1’ of Longitude, and an error 
of 1’ in the Observed Declination will produce an error of 1° in the Longitude, even in the most favorable 
case. 

This method is, therefore, not capable of much precision. Besides, it can only be usted to advantage when 
the Moon’s Declination changes rapidly, that is, when she is near the Equator; but when the Moon has 
great North or South Declination this method is not practicable. [t may, however, be found* useful in 
some eases, as the Observation (the objects being on the same vertical line) is much easier to take than a 
regular Lunar Distance. 


THE OBSERVATION. 


Finding the Approximate Distance. 


Ist. Inspect the large Nautical Almanac and find whether the Moon’s Declination changes sufficiently 
rapid for the purpose, if so, then find at what time she passes the Meridian at Greenwich, and reduce it to 
the time of her passing the Meridian of the Ship,* which will be the Mean Time at the Ship. Turn the 
Longitude by account into Time, add it to the above Time, in West Longitude, or subtract it in East, will 
give the Greenwich Date. Apply the Equation of Time to the Mean Time at Ship, will give the Apparent 
Time at Ship. Now inspect Table XVIII. and find a Star which passes the Meridian at or as near this 
Apparent Timé as possible. Take out the Moon and Star’s Declinations from the Nautical Almanac. 
Then, if they are of the same name, take their difference for the Approximate Distance ; but when of 
contrary names, take their Sum. 
Finding the Proper Star. 

2d. Set the Index of the Sextant to this distance, find the Star, and bring it in contact with the round 
limb of the Moon. Now, having the Watch previously regulated to Apparent Time at the Ship, at the 
instant of Apparent Time by Watch at which the Moon is on the Meridian, observe her Distance from the 
Star, and note down the Time and the Distance observed. ; 


Correcting the Observed Altitudes. 


3d, Observe also the Altitudes of the Moon and Star roughly. If the Lower Limb of the Moon be 
vhserved add 12’ to it ; if the Upper Limb be observed, subtract 20’, and subtract 4’ from the Star’s Altitude. 


Correct>ng the Semidiameter and Horizontal Parallaz. 


4th. Take out the Moon’s Semidiameter and Horizontal Parallax, correct them to the Greenwich Dat 
and to the Semidiameter add the Augmentation. If the near Limb of the Moon has been observed, add the 
augmented Semidiameter to the observed Distance, but if the far Limb has been observed, subtract it. 
» 


F Finding the Moon’s Parallax in Altitude. 


5th. To the Secant of the Apparent Altitude of the Moon add the Pro. Log. of the Horizontal Parallax, 
their Sum will be the Moon’s correction for Altitude, and from Table IV take out the Refraction for her 
Apparent Altitude. 


Applying the Correction for Parallax in Altitude. 


6th. If the Moon’s Altitude is less than the Star’s, subtract her correction for Altitude from the Apparent 
Distance, and add the Refraction to it; but if the Moon’s Altitude is greater than the Star's, add her cor- 
rection to the Distance and subtract the Refraction from it. 


Applying the Correction for Refraction. 
7th. If the Star’s Altitude is less than the Moon’s, add its Correction for Refraction to the Distance ; but 


if the Star’s Altitude is the greatest, subtract it, and the result will be the True Distance, if the Star is on 
the Meridian at the same time nearly as the Moon. 


Finding the Correction of the Star’s Altitude when not on the Meridian. . 


_ 8th. Rut if the Star is not on the Meridian at the Time of the Distance, find the number of minutes, &c., 
it is distant from the Meridian, by computing its Meridian passage, and find the portion of Altitude want- 
ing of its Meridian Altitude, by the Rules given at page 111. 


To Apply the Correction for the Star’s Altitude. 


9th. Then if the Star’s Altitude be Jess than the Moon’s, subtract this portion of Altitude from the 


Apparent Distance: but if the Star’s Altitude is greater, add this portion of Altitude to it, and the resu!t 
is the True Distance between the Moon and the Star. ; 


. * To find this correction, say as 860° is to the daily variation of the Moon’s passing the Meridian, so is the given 
Longitude in, to a portion of Time to be added to the ‘Time of her Meridian Passage, in the N. A., in West Longitude, 
or subtracted from it in East, will give the Mean Time of her Meridian Passage at the Ship. 
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Having the True Distance between the Moon and Star to find the Moon’s Declination. 


10. Take from the Large Nautical Almanac the Star’s Correct Dec. and mark it North or South; the) 
if the True Dis be less than the Star’s Dec. the Diff. is the Moon’s Dec. of the same name as the Star's 
But if the True Dis. be greater than the Star’s Decl. the Diff. will be the Moon’s Deel. of a contrary 
name to the Siar’s. When the True Distance and the Star’s Decl. are equal the Moon is on the Equator 
Hiving the Moon’s Observed Declination to find the Greenwich Time and the Longitude. 

11. Find in the large Nautical Almanac the two Declinations between which the observed Declination 
alls, and take their Difference ; take the Difference also between the preceding Declination and the observed 
Declination. Then say as the Difference of the Declination in one hour is to one hour of Time, so is the 
Difference between the preceding and the observed Declinations to a portion of Time, which Added to the 
Hour marked opposite the preceding Declination in the Nautical Almanac, will give the Mean Time at 
Greenwich at the time the Distance was observed. 

e Having the Greenwich Time to Find the Longitude. 

_12. The Mean Time at the Ship being found in the usual manrer, and it is required to have the 
Watch previously regulated to Apparent Time, before commencing the observation, then by applying the 
Equation of Time we have the Mean Time of the Distance, the Difference between which and the Green- 
wich Mean Time is the Longitude in Time, to be turned into Degrees and Minutes as usual. 

The following Diagram will explain the nature of the observation. 

PROJECTION OF THE MERIDIAN ALTITUDES OF THE MOON AND STAR SPICA. 
Given the Latitude 26° N.. Star’s Decl. 10° 23’ S., and Dist. 9° 44’ 21’’, to Find the Moon’s Decl 
Fig. 31 
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EXAMPLE 1. 


April 14th, 1851. In Latitude 26° 2’ N., Longitude by Chronometer carried on 38° 0’ W., at 11h 23m 29s M. T. 
at the Ship, the observed Distance of the Star Spica from the near Limb of the Moon was 9° 25’ 32” Vertically, 
Moon’s observed Altitude, L. L.,62° 41’, and the Star’s Altitude 53° 13’. Required the Longitude in, 


D’s Mer. Pass. N. A., April 14th,11h 18m 0s Mean T. at Ship.......... 11h 24m ©’s R. A. 1h 28m 37s Dif. 9s 

Say as 360° is to 52m so is Lon. 38° to 29 Long. 88° W.in Time..... 2 32 2 6 hae 
Mean Time of Pass. at Ship.....11h 28m 29s Green. Date, April 14th... 18h56m ©’sR.A. Ih 30m 48s )126— 
Equation of Time. eases Sub. 2 15 y's Obs. Alt... . 62°41’ se’s R.A. 18 11 298 2m Gs 
Apparent Time at Ship........11h 28m 14s Qopr..... Add 12 Mer. Pass, of ¥% Spica 11h 46m 39s 


D’s App. Alt, 62° 53’ Sec.......... 0.8412 D's App. Alt... 62°53’ App. T. of Obs....... 11 23 45 
Hor. Parallax 60’ 15’’ Pro, Log..... 0.4753 %'s Obs. Alt... ..53° 13” *’s Dist. fr. the Mer. 22m 548==7'397 


Cor. )’s Par.inAlt. 27’ 28'’= Pro. Log. 0.8165 Gorr........ Sub. 4 Lat. 26° N. and Dee. 103° S. Log. 0.475 
Obs. Dist. and ) mar L. 9° 25’ 39” 3's App. Alt. '..53° 9’ Por. of Alt. wanting ++ 25’ 35=—=7872 
D’s Augm. Semid...... -Add 16 42 p>, Semid. Mid. 16’ 26” Hor. Par..... 60! 17” 
Central Distance.......... 9 42 14 Augm........ 16 Cor. G. Date. 2 
) ’s Corr. for Par.inAlt..Add 27 23 Augm.Semid... 15’ 42” Hor. Par,.... 60’ 15” 
«eee )’s Declination N. A., April 14th, at 18h......... oath SOR2r Ors 
Ref. )’s Ap. Alt.62°52".Sub. 0 29 do. do. do. Re Mths pee cee Ln Ounoualar et 
10° 9/18”, Difference in 1 hour..... —«:13’ 20” 
Ref. ’s Ap. Alt. 53° 9'..Add 0 43 Then say as 13’ 20” is to 1 hour sois 1219” toa portion of Tims 
10° 9 56” Difference in 1 hour,....13’ 20’ Pro. Log. 1.1302 
Por. of Alt, wanting of Mer. + 25" 35_ . Arith. Comp. 8.8697 
True Dis. between * and ) 9° 44’ 21”. Te-to dcliour. ci, itil ecamemen Pro. Log. 0.4771 
% Spica Dee. N. A. Ap.14, 10° SE: cel gs. So is the Diff. betw. the Preced. and Obs. Decl. 12‘ 19” Pro. Log. 1.1648 
Diff is the )’s Obs. Dec. 0°38 40 g Portion of Time to be Added.......... -». Ob 55m 25s = 0.5116 
Mune iden, S019b........ 0 26 21 Time of the preceding Declination..........18h 0 0 
Diff. between the Obs. and} — 97 yg Grenwich Mean Time. ......+..0++-eseees 18h 55m 25s 
the Preceding Decl.. § a Mean Time at Ship........ wine gain aoe tera 11 23 29 
Longitude in............. 87° 590" W== 2h 31m 56s 


The result is a Diff. of only 1’ less than that by Chron. breught on by D. R. from Sights taken in the Afternovn. 
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FINDING THE LONGITUDE FROM THE MERIDIAN ALTITUDES OF THE MOON AND A STAR 


The principle of this method is the same as that in the preceding example, that is, of finding the Moon’s 
Declination by observation ; but in the room of measuring the Distance between the Moon and a Star, we 
take the Difference between their True Merfdian Altitudes. Then the Difference between this and the 
Star’s Declination is the Moon’s observed Declination, which furnishes the Greenwich Time as before. 

‘In this case it is not necessary that the Altitudes of the Moon and Star should be observed at the same 
time, though they necessarily must pass the Meridian within a short time of each other, in order to obviate 
the necessity of making a correction for the Ship’s change of place, especially when making much Northing 
or Southing. 

The Altitudes should be accurately observed with a Sextant to the nearest second, and at Twilight, when 
the Horizon is distinctly visible. This method is therefore seldom practical in the Night Time, asit depends 
entirely on the accuracy of the measured Altitude. 

By the method given in the 1st Example the Altitudes are not required with precision, as its accuracy 
depends upon the measured Distance between the Moon and the Star; an ill defined Horizon in the Night 
Time is therefore no detriment to the former observation. 


THE OBSERVATION. 
The Proper Time for Observing the Moon’s Altitude. 


1. The Limits are the same as in the preceding example, that is, the Time must be chosen when the 
Moon’s change of Declination is at the greatest, and also the day on which the Moon will be on the 
Meridian at Twilight, which can be easily ascertained by inspecting the Nautical Almanac, and by inspect- 
ing Table XVIII, find a Star which passes the Meridian about the same time and on the same side of the 
Zenith. . 

Find the Mean Time of the Moon’s Meridian passage at the Ship, to which apply the Equation of Time, 
will give the Apparent Time, and the Watch must be previously regulated to the exact Apparent Time at the 
Ship, (which can be easily done by an Altitude of the Sun before he gsets,) because the Moon’s Altitude 
must be observed at the instant of Apparent Time by Watch, (according to computation) at which she is 
on the Meridian of the Ship, and the Time and Altitude observed noted down. ; 


Observing the Star’s Altitude. 


2. Find the Star by the rules given at page 106, No. 3, and the Apparent Time of its passing the Meridian 
by Table XVIII. Observe-its Meridian Altitude at this time, which will be indicated by the Watch, either * 
before or after the Meridian passage of the Moon, or according to which of the objects passes the Meridian first. 


Correcting the Semidiameter and Horizontal Parallaz. 


3. Find the Greenwich Date as usual, and take out the Moon’s Semidiameter and Horizontal Parallax, 
correct them to the Greenwich Date, and to the Semid. add the Moon’s Augmentation. 


To Find the Moon’s Apparent Altitude. 


4. If the Moon’s Lower Limb be observed add the Aug. Semidiameter, if the Upper Limb subtract it, will 
give the Central Altitude. Take out the Dip of the Horizon accurately from Table V, and Subtract it 
from the Central Altitude, will give the Apparent Altitude. 


To Find the Moon’s True Altitude. 


5. Add the Log. Sec. of the Apparent Altitude to the Pro. Log. of the Horizontal Parallax, and their 
Sum will be the Pro. Log. of the Moon’s Corr. for Parallax in Altitude, which add to the Apparent alt. 
Enter Table [V with the Moon’s Apparent Altitude, and take out the Refraction corresponding to it, 


and which must be subtracted from it, and the result is the Moon’s True Altitude. 


To Find the Star’s True Altitude. 


6. Enter the same Table with the Star’s Observed Altitude, and take out the Refraction, Subtract both 
Dip and Refraction from the Observed Altitude, will give the Star’s True Altitude. 


Having the True Altitudes to Find the Moon’s Declination. 


7. From the Large Nautical Almanac take out the Star’s correct Declination and markit N.orS. Take 
the Difference between the Star’s and the Moon’s True Altitudes, then the Difference between this portion 
of Altitude and the Star’s Declination is the Moon’s Observed Declination. 

If the Difference of the Altitudes be greater than the Star’s Declination the Moon’s Declination will be 
of a contrary name to the Star’s. But if the Difference of Altitude be less than the Star's Declination the 
Moon’s Declination will be of the same name as the Star’s. 


Having the Moon’s Observed Declination to Find the Greenwich Mean Time. 


§. Find in the Large Nautical Almanac the two Declinations between which the observed Declination falls, 
and take their Difference ; take the Difference also between the preceding and the observed Distance ; then’ 
say as the hourly Difference is to 1 hour so is the Difference between the preceding and the observed Decli- 
nations to a portion of ‘Time, which Added to the hour opposite the preceding Declination. will give the 
Greenwich Mean Time at the time of the observation Pa 
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FINDING THE LONGITUDE FROM THE MERIDIAN ALTITUDES OF THE MOON AND A STAR. 


To Choose a Case. 

Suppose it was required to find the Longitude by this method, on the evening of the 6th of July, 1894, 
On inspecting the Nautical Almanac, I find that the Moon’s Declination changes at the rate of 123’ in 10 
minutes of time ; the Moon is also on the Meridian at twilight. And on inspecting Table XVIII, I find 
that the Star Arcturus will be on the Meridian about the same time. The case is, therefore, practical, 
and we proceed at once to find the Apparent Time at Ship, and correct the Watch. : 


EXAMPLE 2. 


July 6th, 1854. In Latitude 42° 10’ North, Longitude 64° 56’ West, at 6h 47m 7s Apparent Time at Ship by 
Watch, the observed Meridian Altitude of the Moon’s Lower Limb was 41° 21’ 10’, and about 23m afterwards the 
Meridian Altitude of the Star Arcturus was observed to be 67° 52’ 15’, the elevation of the eye being 18 feet. Re- 
quired the Longitude in at the Time of the Moon’s Altitude. 


PROJECTION 
Of the Meridian Altitudes of the Moon and the Star Arcturus. 
Fic. 32. 


RATIONAL HORIZON 
‘S POINT eee ah eee 
It will be perceived by the above Diagram, that the Star’s Declination (being North of the Celestial 
Equator) subtracted from the Difference between the Moon and the Star’s Altitudes, furnishes at once the 
Moon’s Declination, South of the Equator. 
To Find the Longitude from the Moon’s Observed Declination. 


D’s Mer. Pass. N. A. July 6th........ 6h 42m 30s M.T. of Pass. at Ship 6h 51m 30s ) ’sSem.15' 59" H.P.58’39"" 
Say as 360° is to 50m sois L. 64° 56’ W. to 9  O Lon.64°56’WinT. 4 19 44 Cor.G.D. 2 Cor. 14 


Mean Time of Pass. Mer. at Ship ..... 6h 51m 80s Gr. Date, July 6th, 11h tlm 14s 15’ 57" 58/25" 
Equa.of Time... 6. 06 6 ieee eves Sub. 4 23 Augment.. . il 


apmelime ht Ship. ..... 0.8555... 6h 47m %s Cor. Eq. of Time.. 4m 233 Augm. Semi. 16’ 8" 


Yet 
; 


Obs. Alt. )’s Lower Limb.. 41° 21' 10’ 3’s Obs. Alt... 67° 52’ 15" D's True Alt..........0. 42° 15° 50” 
-)’s Augm. Semid...... Add 16 8 Dip4’ 8" R.24’— 4 32 x's True Alt ............ 67 47 43 
Central Altitude .......... 41° 37' 18" 3s True Alt. 67° 47' 43” Diff. of Altitudes ......... 25° 31’ 53” 
Dip of the Hor. 18 feet...... 4 8 *'s Dec. N. A., July 6th... 19 57 43 N 

)’s App. Alt............. 41° 33’ 10” App. Alf. Log. Sec.0.1259 ) ’s Obs. Declination...... 5° 84' 10'S 
Corr. for Par. in Alt....Add 48 43 H.P.58' 25” Pro.Log.0.4887 )’s Dee. N. A, July 6th, 11h.5 381 56 

42° 16’ 53" D’sC.43' 43” Pro.Log.0.6146 Diff. of Obs. and preced. Dec. 0° 2/ 14” 

Refraction in Alt....... Sub. 1 LV 


Moon’s True Altitude...... 42° 15’ 50” D ’s Dec. N. Al, July 6th,11h 5° 31 5¢’ 
; do at 12h 5 44 Is 
Say as 12’ 17" is to 1h so is 2’ 14” to a portion of Time. Diff. of Dec. in 1 hour...... O° 19°19" 
Diff. Declination.. 12’ 17'’....Pro. Log..... 1.1660. ~ Time of the preceding Declination.... 11h Om Os 
lat) plivw;). ....'s «dean meena ee p- 6.8340 Portion of Time to be added......... 10 54 
BEET oe osc sos 9 suse oie Pro. Log..... 0.4771 Greenwich Mean Time............4.. 11h 10m 54s 
Diteor Dee!'2' 14"... Pro. liop.. 5-1-0063 “Mean ‘Timea at Ship... .. <c2ssscsisees SRO Adie Mabe 
Portion of Time 10m 54s ...... Pro. Log... . 1.9174 Longitude in .......2.- 64° 51’ 0’ W==4h 19m 24s 


Degree of Dependence. 


Although the Altitudes are required to be taken with much precision, to insure a tolerable degree of accurac by 
this method, still as the errors in the Observation are not multiplied in the computation, it may: be used with advan- 
tage in fine serene weather, when the Sea is smooth, and the Dip of the Horizon is correctly ascertained, by those 

ersons who may not have had practice in the Lunar method. In this case an error of 10” in computing the Moon's 
Declination, will produce an error of 13’ in the Longitude deduced therefrom ; and an error of 1’ in the Declination 
will produce an error of 1° 13’ in the Longitude, This method is therefore most suitable for High Latitudes, where 
the degrees of Longitude are small, and where the actual error in space (that is, Departure) would be small in pro- 
portion. It is, however, much inferior to the Lunar me‘hod as regards accuracy ; but the Observation may be useful 
to those who can take Altitudes accurately enough, but who make sad work at measuring a Lunar Distance 
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METHOD OF KEEPING A SHIP’S RECKONING AT SEA; 


AND THE MANNER OF WRITING DOWN THE SAME IN A LOG BOOK OR JOURNAL 


Description of the Log Slate or Board. 


This is ruled in the following form, so as to contain an exact account of the Ship’s progress during the 
24 hours of a Sea Day, and which commences at Noon. that is, when the Sun is on the Meridian of the 
Ship. ‘The hours are counted to 12 at Midnight, and called the hours P. M. They are then reckoned 
over again in the same manner, until the following Noon, and called the hours A.M. bg 


Mode of Reckoning Time. 


The Sea Day begins 12 hours before the Civil Day, and 24 hours before the Astronomical Day. So 
that the end of the Sea Day, the beginning of the Astronomical Day, and the Middle or Noon of the Civil 
Day, takes place at the same period of time. 

This mode of reckoning arises from the custom of seamen dating their Day’s Work for the preceding 24 
Lours the same as the Civil Day, so that occurrences which happen, for instance, on Tuesday the 10th in 
the afternoon, are entered in the Log marked Wednesday the 11th, P. M.. and occurrences which happen 
on the following morning of the Sea Day, are entered in the Log marked A. M., and which also corres- 
ponds to the same hours of the Civil Day 


What the Log Board should Contain. 


The Log Board should contain a register of the Courses, Distances, Leeway, and the direction of the Wind, 
tacking or wearing Ship, making or shortening Sail, and other matters of importance connected with the Ship’s 
way; and it is the duty of the officer of the Watch to mark the same regularly on the Log Slate (which is 
generally hung up in the Steerage for that purpose) at the expiration of each Watch, so that the Ship’s 
progress may be ascertained at any given hour of the day. 

When |:sid is in sight, the bearing and estimated distance of the most prominent objects, and the time at 
which the bearing was taken, must be inserted, as also the particulars of speaking vessels at Sea, and any 
other memoranda intended to be inserted in the Log Book, as a guard against a slip of the memory. 


é 


Ruling of the Log Board. 


The Log Board is ruled to contain seven columns ; the first contains the hours from Noon to Noon, being 
marked for every hour, similar to a Civil Day; (or sometimes it is marked for every two hours,) in the 
second and third columns are inserted the rate of sailing by Log per hour, set against the hour when the 
Log was hove ; the fourth column contains the Courses steered by Compass ; the fifth, the direction of the 
Wind; the sixth, the Leeway; and the seventh contains the transactions, remarks on the weather, and 
other memoranda. . 


Setting the Watch at Sea. 


When a Ship leaves a Port outward bound, the crew are divided into two Watches, termed the 
Starboard and Larboard Watches, and who do duty 4 hours alternately, efcept between 4 and 8 o’clock in 
the evening, when each Watch does duty 2 hours only. These are called the Dog Watches, and are for the 
purpose of changing the Night Watches, so that the same party will not be on duty at the same interval of 
time 01. two following nights; and it is the custom or rule for the Second Officer, who keeps the Captain’s, 
or Starboard Watch, to take the first Watch, (which is from 8 o’clock in the evening until midnight.) on 


leaving Port outward bound ; and the First Officer, who keeps the Larboard Watch. to take the first Watch 
on leaving Part, homeward bound. : 
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THE LOG BOARD. 


REMARKS. TUESDAY, APRIL Ist, 1854. 


P.M. Smart breezes and cloudy weather. 

Set studding-sails, low and aloft. 

Stowed the anchors. Unbent and stowed the chain cables in the 
lockers. 

Passed several vessels bound to the Westward. 

At 6h, very squally. In top-gallant-studding-sails, royals and fly- 
ing-jib. 

At 8h, wind hauled to the Southward, with heavy raiu. Took in | 
all the studding-sails and braced up sharp. 


Weather gloomy and threatening. 
At Midnight, in top-gallant-sails, and the first reefs of the topsails. 


4 
‘we 


At 2A. M. double-reefed the topsails. Strong gale and cloudy 
weather. 


At 4h, sent down the royal yards, and made all snug aloft. 


le | el 


At 6h, strong gale and a high sea running. Vessel shipping much 
water on deck. 

At 8h, tacked ship to the Southward; more moderate weather; 
out double-reefs and set top-gallant-sails. 

Spoke the ship Asia, from Manilla to New York, out 85 days ; } 
all well. 

Noon. Fresh gale and clondy. Sun obscured. 

: Barom. 2920. Ther. 76° Magnetic variation 14 points Westerly. 


ee . 


sn PB 


The above form of ruling for every hour.is the most accurate mode, though sometimes another form 1s 
used, and marked for every two hours, but which is liable to cause considerable erro: in the reckoning, 
in having to double the knots marked opposite the hours, thereby doubling the error in the distance sailed. 

- Besides, it is inconvenient for inserting the Course, when it is changed between the hours so marked. 
On proceeding to work a Day’s Work, the Courses by Compass are taken from the Log Board, and cor- 
-rected for the Variation of the Compass and for Leeway, when she makes any. This gives the Course 
made sood between the hours marked on the Board. 

Cross off the distance below the hour at which the Course was changed, (as in the form above,) sum up 
the fathoms, which divide by 10*, the quotient is knots, and the remainder, if above 5, call 1 knot more, 
but if less than 5, throw it away ; carry the quotient to the column of knots, and their sum, contained 
between the hours corresponding to the Course, will be the distance run on that Course. 


To Correct the Courses for Variation, 
RULE. 


soa: «. { Westerly, allow it to the Left hand of the Course steered. 
When the Variation is Easterly, allow it to the Right hand of the Coursé steered. 


To Correct the Courses for Leeway. 
RULE. 


ie Starboard Tack, allow it to the Left hand of the Compass Course. 
When the  SEip is 'sa'tha Pott Tack, allow it to the Right hand of the Compass Course. 


EXAMPLE 


Of Correcting the Courses and Finding the Distance. 


COMPASS COURSE STEERED. VARIA. L. WAY. WIND. ON WHICH TACK. COURSE MADE GOOD. |DISTANCE, 


S. E. from Noon to Midnight. |14 pt. W. S. W. Wind free, 8. E. hy F. $ E, 
E. by 8, from Mid to 2 A. M. | “ * Starboard Tack. $N. 


; S. by E. 
East from 2hto4 “ |{* 4+pt.| SS. EB. 
E. 

E 


8 


bo) fe. th to6  * pas 
nn. “ 6hto8 - “ 1k « _E. 
South * 8h to Noon. re use do. 


b 
S, 
S 


- * Or, consider the Sum to be tenths ofa mile, note the unit, and carry the tens to the next column. in the same maz- 
oo 45 the Sums taken from Tables | and ILI. 
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Finding the Variation of the Compass 


The Variation of the Compass may be found by an Amplitude, (see page 116,) or by an Azimuth, ‘seo 
page 118.) It may also be found by inspecting the Chart, or by the Variation Table. The Magnetio 
Variation is there laid down from actual Observation. (See Remarks, page 120.) 


Allowing for Leeway. 


Leeway 1s the effect of the Jateral pressure of the Wind and Waves in forcing a vessel out of the Course 
she is endeavoring to make when close-hauled, and it is the angle contained between her wake and the 
point of the Compass right astern. It may be ascertained after heaving the Log, and before the line is 
drawn in, by bringing it over a Half-Compass, constructed for that purpose, on the Taffrail, the diameter of 
which being at right angles to the Ship’s keel, then the angle between the centre point, and the point or 
nalf point over which the line lies, will contain the number of points of Leeway the vessel is then making, 
providing she has been steered steadily during the time of trial. When a Ship is laying to, the middle. 
point between what she comes up to, and falls off, is taken as the direction of her head by Compass. The. 
Leeway is then estimated from the angle of her wake, as before. oO 

As the correctness of the Reckoning in a great measure depends upon a proper allowance for Leeway, 
the officer of the Watch should be particular in marking it on the Log Board, or else in reckoning up the 
day’s work, it will be found difficult for a person who has not been on deck the whole time to make a 
proper allowance. 


Correcting the Course for Leeway and Variation. 


In correcting the Courses for Variation and Leeway. imagine yourself to be in the centre of the Compass 
and looking towards that point which represents the Course steered. 


EXAMPLES 


Of Correcting the Courses Steered for the Effect of Leeway and Variation. 


ON WHICH TACK, LEEWAY. VARIATION. COURSES MADE GOOD. 


E. N. E. N. W. Wind free. . W. 
W. by 3. N.W.by N.}| Starboard Tack. 
N. W. by N N. E. by N, 0, 
South. E.S. E. Port Tack. 
N. W. W.S. W. do. 
Ss. S. W. S. E do. 
E. by N. N. by E. - do. 
st. N.N. Starboard Tack. ° 


In the above Examples, 6 points of an Angle is allowed between the Ship’s head and the point from 
which the wind blows, this being as near as a square-rigged vessel will lie to the wind when close-hauled 
in smooth water; but in blowing weather at Sea, it is the practice to round in the weather-braces, so that 
the Ship’s head, though still close-hauled, is about 7 points from the wind, or as it is termed by seamen, 
on a Western Ocean bowling. the object being to make greater speed and less Leeway. : 

Fore-and-aft vessels generally lie within from 4 to 5 points of the wind, that is, a point or two higher or 
nearer the wind than square-rigged vessels do. 

In allowing for Leeway and Variation, when they both go the same way, it may be done at once by 
allowing their Sum; or when in differenty ways, take their Difference and allow it the same way as that of. 
the greater of the two, whether it be Variation or Leeway. . 

And the learner should keep the figure of the Compass-card in view while making these allowances, 
which will be found to greatly assist the memory. 


~ 


Allowing for the Heave of the Sea. . 


A Ship is supposed to make Leeway only when she is close-hauled and a rough sea on. But it some- 
times happens when the wind js free, a heavy beam-sea may be running. which has the effect of heaving 
her to leeward of the Course steered. This allowance is called the Heave of the Sea, and will rarely 
‘exceed + point; because, although the waves appear to have a rolling motion, it is only the crest of the 
wave which advances, the great body of the water remaining stationary, rising and falling with a motion 
similar to the shaking of a sail. 

And the greater the speed of the vessel the less will be the effect of the waves; on the other hand, the 
less the speed of the vessel the greater will be the effect of the waves in any given distance sailed ; because 
the fast-sailing vessel will cross any given space in a shorter time than the slow one, and will be subjected 
to fewer buffetings, 


So that the allowance for the Heave of the Sea must rest entirely on the judgment of the Navigator 
seeping In view the various circumstances of the case. 


On allowing for Currents, (see page 29.) and for a description of the Log-Line, Log-Glass, and manner 
of using the same, (see page 6.) 
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Allowing For Currents. 


Having thus found the Courses made good and the Distance Sailed by the Log, they are entered in the 
traverse Table, together with the True Set of the Current as a Course, and its Drift as a Distance, when 
the Current is actually known to exist, otherwise much caution is required. (See Remarks at page 29.) 


Remarks on the First Day's Work after Leaving the Land. 


If a departure has been taken from the Land, the Variation must be allowed on the Bearng 6 
Compass, and the opposite point entered into the Traverse Table as a Course, and the estimated distance off 
Shore as a Distance, (see page 31) the Difference of Latitude and Departure made good is then found by a 
ease of Traverse Sailing; then the Difference of Latitude made applied to the Latitude left, (or in the case 
of taking a departure from the Land applied to the Latitude of that place,) will give the Latitude of the 
Ship. Then with the middle Latitude as a Course, found in Table II, and the Departure made good taken 
in the Latitude column, the Difference of Longitude corresponding will be found in the Distance column. 
This applied to the Longitude left, at the preceding Noon, (or in the case of taking a Departure from the 
Land, applied to the Longitude of that place,) will give the Longitude of the Ship. 


Cause of the Errors in the Dead Reckoning. 


» The Latitude and Longitude thus calculated at Noon is called by Seamen the Dead Reckoning, an1 it 18 
well named, for it frequently happens that it is dead enough as regards the Ship’s true position. This is 
caused by many circumstances, such as bad steerage, local attraction acting on the Steering Compass, (for 
Remarks see page 120,) unknown curren!s, false distance given by the Log in squally weather, errors in the 
Log-Line and Log-Glass, and improper allowances for Leeway and Variation. 


Ascertaining the Cause of the Error in the Dead Reckoning. 


When the discrepancy is great between the Ship’s position by Dead Reckoning and that by Observation. a 
eareful Navigator will investigate the matter, and endeavor to ascertain the cause. If the Log-Line and 
Glass have been found correct, (see page 6) examine the Steering Compass and see that it is free from Local 
attraction, and if the Ship has been steered her proper course, and the Log has given her proper Distance 
run, then the discrepancy may be set down as the effect of a Current, the direction and drift of which may 
be found by the rules given at page 29, Case Ist, and in that case it may be allowed for in the next day’s 
work, as a Course and Distance Sailed, or, it may be counteracted by altering the Ship’s course. (See 
method of doing so, page 30, Case 3d.) 


Allowing for Bad Steerage. 


_ When a Ship is seudding in a Gale of wind some Navigators are in the habit of allowing for the heave 

of the sea, in forcing the vessel, as they imagine, ahead of the distance run by Log. This allowance is 
of very doubtful utility. In fact, I have always found it the reverse. especially in a badly steered or bad 
steering Ship, because on account of her yawing about she must.necessarily waste a considerable portion 
of her Distance run, and the Log will be found to give the Distance run in excess of the actual place of 
the Ship by observation, and it is usual in some cases to deduct 1 mile in 10 for bad steerage. 


Heaving the Log in Steam Vessels. 


. In Steam Vessels the Log is found to give too much Distance. This is easily accounted for, and caused 
‘by the action of the paddle-wheels driving the water astern. The Log in this case should be hove from 
the paddle-boxes, outside of the influence of this currert of water. 


The Use of Keeping the Dead Reckoning. 


_ Nevertheless, the Dead Reckoning even under all these disadvatages should not be neglected, as it some- 
times is the only mode we have of detecting any very gross error made in deducing the Ship’s position 
from Astronomical observations and in the detection of Currents, and other matters. 


When the Dead Reckoning is Proved to be Erroneous, to take a Fresh Departure. 


When the Longitude by Dead Reckoning is proved to have been erroneous from the Sight of Land or by the 
Chron., the error and rate of which has been recently found, or by Lunar Distances observed on both sides 


of the Moon, it can answer no useful purpose in carrying it on, and a fresh Departure and Longitude should 
be adopted and then carried on as before. 


Practice of some Navigators Regarding Dead Reckoning. 


Some Navigators carry the Longitude by Dead Reckoning on from day to day only, as a means of com. 
paring it with the Longitude made by Chronometer. Others again never keep any Dead Reckoning at all 
trusting entirely upon the Latitude observed and the Longitude by Chronometer. 


Practice of Keeping the Reckoning in Fast Sailing Ships. 


In fast sailing Ships the Distance run is generally estimated, and the Log seldom or ever hove, and as 
those Shipscen»rally steer well, their Course steered can be depended upon; and when the Difference of Lat. 
is obtained f-om observa‘ion, the Distance run and the Departure made good, ean also be obtained by 2, 
case in Plane Sailing, and more correct than if the Distance had been measured in the usual manner by: 
the Log. (See the following-rules for working Day’s works.) 


a 
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RULES FOR WORKING A DAY’S WORK. 


The following rules have been collected with the view of simplifing the matter, and placed so as they 
can be conveniently referred to by the learner. 


Correcting the Courses Sailed. 


1. Correct each Course sailed for Variation and Lee-way by the rules (page 182) already given; enter 
them in the Traverse Table and set against each the Distance run on that Course. If the Ship is in a 
Current, the Set and Drift of which is known, allow the Variation on its set, and enter it in the Traverse 
Table as a Course and Distance, but if its Set and Drift is uncertain, it is better to leave it out altogether ; 
also if the ship has taken a Departure from the Land, correct the Bearing by Compass for Variation, and 
enter the Table with the Opposite Point as a Course, and the estimated Distance off as a Distance. 


Finding the Course Made Good. 


2. Find the Difference of Latitude and Departure made good, with which enter Table IT, and find the 
Course and Distance made good, by seeking in its columns until they are found to agree, opposite to which 
will be found the Distance in its column; and if the Departure be greater than the Difference of Latitude, the 
Course is taken from the bottom of the Table, but if the departure be less than the Difference of Lati- 
tude, the Course must be taken from the top of the Table. 


Finding the Latitude In. 


- 3. If the Latitude of the place from which the Ship’s Departure has been taken, or yesterday’s Latitude, 
and the Difference of Latitude made be both North or both South, their Sum will be the Latitude in of that 
name: but if the Difference of Latitude be of a contrary name to the Latitude left, their Difference will be 
the Latitude in, of the same name as the greater of the two. 


Finding the Difference of Longitude. 


4. Add together the Latitude observed yesterday and the Latitude in to-day, and take their Half Sum for 
the middle Latitude, then with this middle Latitude (taking the nearest egree) enter Table If. and seek 
for the Departure made good in the Latitude column, and the Sum standing opposite in the Distance column 
will be the Difference of Longitude made, which divided by 60 will give Degrees and Minutes, and mark it 
of the same name as the Departure. 


Finding the Longitude In. 


5. 'f the Longitude of the place from which the Ship’s Departure has been taken, or yesterday’s Longt- 
tude, and the Difference of Longitude made be both East or both West, their Sum will be the Longitude 
in, of that name; but if the Difference of Longitude be of a contrary name to the Longitude left. their Dif. 
ference will be the Longitude in of the same name as the greater of the two ; but when their Sum exceeds 
180° the Ship has crossed the opposite Meridian to Greenwich ; im that case Subtract it from 360°, the remain- 


, 


der will be the Longitude in, and of a different name to the first. 


Mode of Working the Day's Work when the Distance run is Unknown. 


6. When the Distance run is uncertain or even altogether unknown, take the Difference of the observed 
Latitudes. and the Course made good, with which enter Tables I or IT, as usual, and seek for the ob 
served Ditlerence of Latitude in its column, and opposite to which will be found the corresponding Distanet 
run and the Departure. Then proceed as before bysrule No. 4, to find the Longitude in by Dead Reckoning 


General Remarks on Keeping a Ship’s Reckoning, Currents, §e. 


If the Latitude yesterday has been observed, the Difference of Latitude made is usually applied to it, 
the room of the Latitude by Dead Reckoning, and it is called the Latitude in by Dead Reckoning at Nod 
to-day. Then if it agrees with the Latitude in by observation to-day, the reckoning is said to be just, but 
it do not. so agree the Ship is said to be the amount of the Difference to the Northward or to the Southward a 
the Dead Reckoning. Jn like manner, if the Longitude by Chronometer or Lunar observation has been ob 
served and brought up to Noon yesterday, and the Difference of Longitude made by Dead Reekoning being 
applied to it. then if it agrees with similar observations for Longitude to-day, brought up, to Noon, ‘ta 
reckoning is said to be just, but if they do not so agree then the Ship is said to be the amount of the D-f- 
ference to the Eastward or Westward of the Dead Reckoning on this day’s work. 

The errors of the Latitude and Longitude so found, furnish the means of Detecting the Set and Drift of 
the Current (always providing that the Course and ‘Distance Sailed are correctly given,) by taking the Mid 
Latitude as a Course, and the Error of the Longitude in the Distance column; then in the Latitude colomy 
will stand the Departure, with the Departure and the Error in the Latitude find the Course and Instance, 
‘and whieh will be'the true Set and Drift of the Current, or in that direction in whieh the Ship is founa w 
be by observation, when compared with her place as given by the Dead Reckoning. 


The Dead Reckoning should not be Altered on Slight Grounds. 


_ The Difference of Longitude made by Dead Reckoning being applied daily to the Long. in by Dead Reckon. 
ims. Is carried on from the commencement of taking a Departure, independent of that by observation. and 
shonld not be altered on slight grounds, because the rate of the Chron. may change or the Lunar Distance 
may bein Error.and the Dead Reckoning may thus be the means of detecting it ; but when the Dead Reckoh- 
ing nas been found to be decidedly in Error, then a fresh Departure must be taken. 
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THE DAY’S WORK. 


EXAMPLE 1. 


At 1 P.M, took our Departure from Neversink Light Houses, bearing by Compass W.N W.,, distant 9 miles, and 
have sailed until Noou this day as per Log; the Variation of the Compass being 4 a point Westerly, and the Sun’s 
Meridian Altitude observed was 66° 30’ South. Required the Latitude in by Observation, he Latitude and Longi 
tude by Dead Reckoning, and the Bearing aud Distance of Wreck Hill, in the Island of Bermuda, at Noon. 

> 


Bit 5. F. COURSES. WINDS. Day, REMARKS ON BOARD, MONDAY, MAY lst, 1854. 
1 West. At 1 P.M. Neversink Light-Houses bore W.N. W 9 miles, in Lati- 
21}10|} 3,;S.E.byS. 4s tude 40° 24’ N., Long. 73° 59’ W., from which 1 take my Dep. 
3 | 10 m " Set the starboard studding-sails low and aloft. 
4} 11 i Steady breeze and fine pleasant weather. 
5 | 10 - “ Stowed the anchors and secured the boats. 
6 9 «“ “ 
7 | 10 - 
8 {10} 5 ; o At 8h, squally-like in the South. 
A 9/10} 5 hag : At 9h, wind hauled more to the Southward. In all the studding- 
P10} 9} 8 “4 Ss. W sails and braced the yards up. 
#11 9| 4 Fs ‘i 
it. 8 y S. W. by S. Midnight. Squally. Handed the light sails. 
dptic.? S. E. re Pas eA 
POC e Oey, . . At 2 A. M. in top-gallant-sails and first reefs of the topsails. 
i 3} 6 S.E. by E.! 8S. by W i 
a 16 a At 4h, blowing fresh and a head sea. 
5| 5| 4| ESE South 1 | Sun’s Magnetic Bearing at rising was observed to be E. 14°18’ N., 
od La ae 4 “ which gives the Magnetic Variation 5°, or about 4 pt Westerly. | 
q 5 East S. S. E. 2 
8} 5 : g At 8h, tacked ship to the Southward and set top-gallant-sails ; 
; 9} 6] 5] South |* ESE ]} 1 weather more moderate and clear. 
ign. 6 5 B ; At 10h, many vessels in company. Spoke the ship Jacob Bell, from 
11] 6] 5 S. E. E.N.E. | 1 Boston to Australia. 
i ay aly a “ a Noon. do. weather. Lat. Obs. 38° 25’ N. Varia. + pt. Westerly. 
ere o,f To Find the Variation. 
TRAVERSE TABLE. DIF, OF LAT. | DEPARTURE. Lat. by D. Reck. at Sunrise about 38}° N.. and Sun’s 
——-——- , - <a Th yet Declination 15° N., in Table XXXV, gives the true 
COURSES. * | DIsT. | XN. s Ben jpf We Amplltodessucekigi ea taneks Male sla lontee E. 19° 18’ N, 
airs ea iy ——— | Magnetic Amplitude at Rising ......... E.14 18 N. 
Feet at Hi 8B 0 69 -s| .... | Magnetic Waniation Ak 9. 4 Ne Nes ihre ‘ved suse Oe 
a i bi i ae To Find the Latitude by Observation. 
is aa . Sun’s Mer. Altitude OBserved............ 66° 30'S. 
KE. 78. a ei cae ap edb ben Correction, Table LX 12 
WE by E+E]. 10 Atel ae iy daca eae. Ds sigBats s/s 2's chsh e's bi akeksh ane 
S. by W. feeb laut cies bod: pepe True Altitude, dcaeecmee, Bah. Byer ik TY 
8. E.48. 14 oven | 10.78], 8.9)... 3 FP Zenith Distance. Voctaann ais baietf ele ete en a a 23° 18’ N. 
t 4% \125 -7,128 -0| 2 °5 | Sun’s Correct Declination............. gee hey yh | De 
2 eh nes Latitude Observed satagee «s'0 24s cers oes « 38° 25’ N 
Douthing. 06.3. 24s . 60)121 0 126 ‘4of Eas’g. 
Diff. of Latitude made .... PA hag 
Lat. of Neversink L. Houses 40° 24' N. Osaree Summary. 5. 46° E 
* Lat. in by D, Reckoning... 38° 23’ N. Distance! ie irae were: ‘ 175 
Sum of the Latitude...... 78° 47' Diff. Latitude...... mad ao 1218, 
Half Sum, or Mid. Lat..s.. 89° 23’ taken as a Co, Departure ............ 126 EK. 
and the Dep., 126 °4, in the Lat. column, and in the Latitude by D. Reck.... 38" 23 N. 
Dist. Col. stands the Diff, Lon. 163’ E—=.2° 43’ E. Ue OE a penal 
Long. of Neversink Light-Houses......... "3 59 W. Diff. Longitude......... 243 E. 
: —————, Long. by D. Reck. ..... TL 16, 
Long. of the Ship by D. Reck. ........... fi 6a. 


. Bearing of Bermuda S. 41° E, or S. E.} S. 
Difference of Latitude 121, and Departure 126,made] . (True) cE AE aa peat hn, t S, nearl 
good, found together in the Traverse Table, gives the r 

‘Course made good S. 46° E,, and the Distance made 


good 175 miles. 
To Find the Bearing and Distance of Bermuda. 


Lat. of the Ship by Observation. . 38° 25’ N. Long. 71° 16’ W. Middle Lat. 85°, and half the Diff. Long, 193, in 
Lat. of Wreck Hiil, Bermuda.... 32 19 Long. 64 50 W. ce Medes Ms avrg the Dep., 158, in the 

{ } iis, 66... 6° 6’ — B° 96! zat, col. Then half the Diff. Lat., 183, and Dep, 
ME Latitude miles - ree x no 44 60 158, gives the True Course’ S..41° E.,, and half 


: an, —— the Dist. 242, which doubled gi the 1 
Be 0 a 35° 22’ Dif. Lon. 386 Distance 484 miles, Ae tows Seb ae ty Maho 
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THE DAY’S WORK. 
EXAMPLE 2. 


A Ship from Latitude 85° 42’ N. by Observation, and Longitude 51° 2' West by Chronometer, yesterday at Noon, 
has sailed until Noon this day as per Log. The Sun’s observed Altitude in the morning was 10° 23’, the Green 
wich Time by Chronometer 11h 0m 2s, or Mareh 5th, 23h Om 2s, and the Sun’s Meridian Altitude was 45° 32’ & 
Required the Latitude and Longitude in, both by Dead Reckoning and Observation, and the Set and Drift of the 
Ourrent. 

Tn this Example the F ractional parts of the Knots are marked as 1 half knot. 


x i 
COURSES. | WINDS. |L.W. TRANSACTIONS ON BOARD, MONDAY, MaatH 67TH, 1854. 


10 N.W.by N}. East. P. M. Strong gale and squally, with hail ang sleet. Vessel shipping 
10 : s much water on deck. Pumps carefully attended. 
) a m At 8h, more moderate and clear weather. 
10 “ “ At 4h, out double reefs ard set top-gallant-sails, 
10 « “ Signalized the ship Washington, from New York to Liverpool, out 
10 * $ 10 days. Fi s 
9 * . Observed the Sun to set per Compass W. 4° N., which gives the 
9 ~ . Magnetic Variation 11° 30’, or 1 point Westerly. 
i0 «“ “ 4 
g “ “ At 10h, passing squalls, with showers of hail. 
9 a “ ‘ 
8 Summary. Midnight. Gale moderating. Out all reefs and set the starboare 
1A a) Pl a RUOUEBE., hans 2 Note _  foretopmast-studding-sail. 
2] 10 Distance..... 231 
3} 10. DiffLate os 5: 163 N. : 
4| 9] 1] Departure ... 163 W. At 4 A. M. set top-gallant and lower studding-sails, royals, and fly- 
5] 9 Lat. D. R.. 38°25’ N. ing-jib. 
6] 8{ 1] Lat. Obs... 88 40 Nj. - 
The Diff. Long... 3 24 W. At 7h, Longitude in by Chronometer 54° 1' 80” W. 
8 | 10 Long. D. R. 54 26 W. . 
9} 10 Lon. Chr. 54° 46’ 30’ W. Unstowed the anchors and bent the cables, 
10 | 10 Barom. 30. Therm. 42° Carpenter employed fixing the windlass. 
11 | 10 Current N. 47° W. rate | Fresh breezes and clear weather. Variation 1 point Westerly. 
p12 | 10° of 1 knt. an hour. nearly. | Noon. Cape Sable, N.S. bore N. W.2N. True, Distance 750 miles. j 


The Ship bas been running on a N. W. by N. Course 


the whole 24 hours. The variation of 1 point allowed to To Find the Magnetic Variation. 

the left, gives the True Course N. W. ‘The knots being | pig Lat made to Sunset 0° 49'N 
summed up gives 227 miles, and the 8 half knots, equal] 7 jtitude at Noon................... 35 49 N 

to 4 whole ones, this added to 227 gives the whole Dis- Ts 2 et Oh kee e. WN WANs att VI 
taned) 9614 Latitude at Sunset .............000e 36° 24’ andthe 


‘ . D. L. 123 Dep, 163 | Sun’s Declination corrected, 5° 54’ South, found in Table 
eaue rou NS pen vecos ee oe ah} XXXV, gives the Sun’s True Amplitude, W. 7° 3° S&S 


Diff. Latitude made... ........+++ 2° 43° N. Magnetic Bearing at Sunset......... W. 4 0 

Lat. Observed yesterday ......... 85 42 N. Masnetie Vanationts aes ie 11° 30' W 
Lat. by D. Reckon. to-day ........ 88.25" Ny, eo Se Gs Cee ne eee ee 

SUL rhs viv eds sa Cente enya <6 6 ie oy 

Bite | LMTGe 2 sso. 's cir ce ais wh ~ 37° 8’ takenas a Sights for Chronometer having been taken inthe morn 


Course, and the Dep., 168, in the Lat. column, the} ing about 7 o'clock, the necessary corrections are made, 
Diff. of Longitude is found in the Distance column | (see Example Ist, page 140.) and the Meridian Altitude 


te be 204. 2h52 ei ches oka three 8° 24°°W. having been observed, the Latitude in is found to be 88° 
Long. by Chron. yesterday ....... 51 2 W. | 40’. This Latitude is then reduced back to the time the 


—_——— 


Long. by D. R. since yesterday.... 54° 26’ W. Sights were taken, aud the Longitude by Chrenometer 
Hf ~ | found, which is then brought up te Noon by the Dead 
To Find the Set of the Current. Reckoning, and in this case is 54° 46’ 80” W. (This will 
Lat. Obs. 38° 40’ N. Long. by Chron. 54° 46’ 30 W.| 5¢ found worked out at page 140.) 
Lat. D. R. 88 25 N. Lovg. by DR. 54 26 O W. 


; wi os Pee iP” 

aa . yt e: Pnotae Toney. O° 20280 Now, as there is a considerable difference between the 
_ With Latitude 37° as a Course, and Difference of Lon-| place of the Ship by Dead Reckoning and that by Ob- 

gitude 20’ 80”, in the Dist. column, opposite to which, | servation, and supposing the Course and Distance run fo 

in the Lat. column, stands the Dep., 16’. Then with Diff.| have been correct, we now proceed to find the Set ad 

of Lat. 15, and Dep. 16, the Set of the Current is found | Drift of the Current. 

to have been N.47° W. (true) and its Drift 22 miles. 


Again: Suppose that the Course steered could be depended on, and the Distance run uncertain. The Latitnde 
observed yesterday was 35° 42’ N., and to-day 88° 40’, the Differgnee of Latitude between the Observations being 
178 miles. I hen, with the Course N W., and the True Difference of Latitude 178, the True Distance run is found 
to be 252 miles, and the Departure 178. The Middle Latitude 37°, taken again as a Course, and the Departure 
178, in the Latitude column, gives the correct Difference of Longitude made 223, in the Distance column, or 3° 43" 
This, added to the Longitude in yesterday, 51° 2" W., gives the Longitude in by Dead Reckoning to-day 54° 44’, and 
which agrees with that given by Chronometer, uearly, > ; 
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THE DAY’S WORK. . 
EXAMPLE 3. 


_A Ship from Latitude 45° 50’ N. by observation, and Longitude by Chronometer 49° 84’ W. yesterday at Noon, 
. bas Sailea until Noon this day as per Log. An Altitude of the Sun in the Morning was observed to be 25° 8’, Time 
by Chronometer 12h 13m 21s, and which was Fast of Greenwich this day 5m 25s. The Weather being Foggy at 
Noon the Meridian Altitude of the Sun was lost for the day, but an Altitude was obtained afterwards, and ob- 
served to be 42° 30’, the Time by Chronometer being 4h 14m 21s. Required the Ship’s position at Noon, both by 
Dead Reckoning and Observation, and the bearing and Distance of the nearest Land. 


~ 
- 
wm 


_ COURSES. WINDS. |L. W. REMARKS, WEDNESDAY, MARCH 15TH, 1854. 


P.M. Steady breezes and fine pleasant weather, all sail set, close 
hauled. 


At 4h, Long. in by Chron. 50° 3’ 80’ W., and Magnetic Vari. as per 
Azimuth 23° or 2 points Westerly. 


At 7h, Barom. falling rapidly to 29° 30’, Lee clouds appeared near, 
South, W.S. W. and of a threatening appearance. Took 3 in all the small sails, 
‘ and double-reefed the top-sails, reefed the coursers and stowed 
the jib and 8S, M. Sail. 
Wind very unsteady and blowing in gusts. 
At Midnight came on to blow excessive hard, elose-reefed the top- 
sails und handed the foresail, vessel laboring heavy and shipping 
much water on deck; pumps carefully attended to. 


oOo oP Oo he 


At4 A.M. The wind flew round to the N. W. in a heavy rain 
squall, and the weather clearing up, made sail. 

At 6h, shook out the close-reefs and set the jib. 

At Th, passed severai fishing vessels at anchor, 

At 8h, out double-reefs and set the topgallant-sails 

At 9h, sounded in 30 fathoms on the Grand Bank of Newfoundland ; 
Long. in by Chron. 49° 58’. 

Noon, Foggy weather, Sun obscure, 

Cape Race, N. W. 4 W. True, or N.N. W. 4 W. by Compass 138 miles. 

Variation 2 points Westerly. 


Go 00 00 ~T Co Ouse He 8S DEUS BO BO DO 601RS CO SF wt ot GO Choos . 


course. |pist| — N. py st E. | w. As to Meridian Alt. has been observed to-day the Lat. must 
owed Cnn — be found by the reduction to the Meridian of the Alt. Obs. near 
S. W.4 W| 54 7 41’ °7 as Noon, either by the measured Interval of Time between the 
S. E.by Ej 9 e Ga Goh Thad Observations, which is 4h 1m, as in the 2d Example, given at 

E.S. B 1 de tO. 5 page 97, (this being the same case worked out) gives Latitude 

E. by S 7 Tea 628 44° 32’ N., or it may be found by the method given at page 94, 

S. by od (ha: " that is, of deducing the Time at the Ship from the Greenwich 
~$.S. W. | 12 AB Time by Chron., as follows : 

W.S. W.} 31 11 9 Time by Chron.... 4h 14m 21s Sun’s Obs. Alt. P.M. 42° 30° 
\ D.Ltat.) 81 6 20’ 6 | 69 Chron. Fast....... 5 25 Corr, for Semid. ce. 11 


Diff. of Lat. made.. 1° 22'S. Green. T. by Chron. 4h 8m 56s True Altitude..... 42°41! 
Yesterday’s Lat.. 45 50 N. Dep. 48 2 W Long. 50°42’ in T., 8 22 48 Sun’s Dee Cor. tothe 


Tale wach 44° 28’ N. M..T; at Ship...... Oh46m 8s Green. Date...... 2° 5° 
Sa )90° 18” Equa. Sub. 46 ; 
nis 7 id ial ; ——____ che T. Past Noon. ....87m 2s—Log. 7813 $ 
ve vag ws Be ak nt hie & pot era Summary. Lat.444°N.... Dee. 2 a Log. 0,298 Table XV. 
Lon. by Chro. yesterday Noon 49 34 W, ci: be _S. oO, W. 7 ‘Alita 8106 Corr... OF Hi 
bet peas 604 ‘rue itude. ap lvls 42 
Long. by D. R. to-day....... 50°42’ 7: PA idee el RRA SR Dh LF RU a ie a De aE pic wei oe 
Baek Di Leta 182 aS Meridian Altitude.. .........48° 2578 
To Find the Course. 1 SD ee 44 98’N Zenith Distance...........+. 46° 35'N, 
The Dif. Lat. 81 6 and Dep. 48 2, gives Jat. Obs. 44 32 N. Declination. f2 Fe. hoe whe Naas 2 5 S. 
the Course made good 8. 31° W., and the pit Lon. hn We Lat.in at 37m past Noon...... 44° 30'S. 
Distance 94 miles. Long. D. R. 50 42 W Co's & Dis. since NuW.S.W.5m D.L. 2 N, 
Lon. by Ch. 50 84 W. = Latin at Noon...........06. 44° 32' N, 


Barum.... 29 90 Ther. 38° 
Having the Correct Latitude at Noon we Proceed now to Find the Longitude in by Chronometer. 


The first Altitude observed was taken about 8h 38m in the Morning, or 3h 22m before Noon, and in that 
Interval the Ship had made a W. S. W. Course good, and Distance by Log. 27 miles: this will give the 
Diff. Latitude 10 and Departure 25: the Diff. Latitude 10 added to the Latitude at Noon, g-ves the Lati- 
tude in at time of the first Altitude 44° 42’ N. The Apparent Time at Ship 1s thence found ‘0 be 8h 38m 
54s, and tue Mean Time 8h 48 0s, the Differepee between which and the Greenwich Time by Chronometer 
12h 7 7m 56s, is 34 19m 568, or Longitude 49° 59’0” W. at the time of the Sights. The Departure 25 turned 
auto ongitude is 35’ 0”. which added to it gives the Longitude in at Noon 50° 34’ N. 

T Longitude by D. R. is therefore in E-ror 8’ or 32s of Time. The Time past Noon being Corrected 
iz 37m 34s. the Correction for Altitude is 45’, fe Lat. at Noon Corrected is 44° 31’ N, 
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FINDING THE LONGITUDE FROM THE OBSERVED ALTITUDES OF A BODY ON THE PRIME 
7 VERTICAL AT EQUAL DISTANCES IN TIME FROM THE MERIDIAN. ki 


On leaving any known Longitude take an Altitude of the Sun on the Prime Vertical, that is, when he 
bears True East or West, which can only be in the Summer time. But a Star can always be found on the 
Prime Vertical at any season of the year. Note or find the Apparent Time by Watch when the observation 
was made. say in the Morning, and find the Time before Noon, (which with the Sun is his Hour Angle.} 
Then observe another Altitude in the Afternoon, at the same tine past Noon by the Watch. Now, if the 
Ship has not moved to ihe Eastward or Westward, that 1s, if she has made no Departure during the 
Interval, the Sun’s Altitude will be the same as in the Morning. But if the Altitudes do not agree, thea 
the Difference is the number of miles of Departure the Ship has made to the Eastward or Westward. 

And in Sailing East the P. M. Altitude will be the greatest because the Ship is meeting the Sun, and in 
Sailing West the P. M. Altitude will be least because she is leaving him. This Departure, so obtained, 
turned into Longitude bya case of Middle Latitude Sailing, furnishes the Difference of Longitude, which 
applied to the Longitude le!t will give the Longitude in. 

Or one Altitude can be observed on the Morning or Evening of one day. (having the Apparent Time from 
Noon of the observation), and exactly at the same time on the day following. The Difference between the 
Altitudes so observed is the Departure made good during the 24 hours, which turned into Longitude and ap- 
plied to the Longitude left from day to day, will furnish an excellent check on Gross Errors in the Dead 
Reckoning when there is no Chronometer on board. 

The daily Variation of the Equation of Time ought in strictness to be Added to the Time from Noon by 
Watch, at which the last Altitude should be observed, when the Equation is Decreasing, or Subtracted 
from it when Increasing ; but as this quantity amounts to only a few seconds, it may be neglected. 

In the ease of observing Stars, 3m 56s should be Subtracted from the Time from Noon by Watch, at 
which the last Altitude should be observed, when P. M., or Added to it when A. M., because the Stars are 
that much before the Apparent Time by the Sun every day. 


EXAMPLE 1. 


June 10th, 1854. A Ship in Latitude 40° 0’ N., and Longitude 45° 0° W., at 8h 2m-A. M. observed the Sur's 
Altitude to be 37° 24’, and then Sailed to the Westward, until 3h 58m P. M. by the same Watch, when the Sun’s 
Alt. was Obs. to be 86° 9’, Required the Dep. made, the Diff. of Long. and the Long. in at the Time of the last Alt. 


At 8h 2m A. M. Observed Altitude.........-- 37° 24' Departure 75m with Latitude 40°=D. Long...... )98 
At 8b 58m P, M. Observed Altitude.........+- _36 9 Difference of Longitude made............+...+ 1° 38" 
LY 15) Longitude seme 40. ding ist eck se Rae Pep 45 0 
60 Longitude in 200 Tok ta hues PP EPR ENS vc te 46° 33) 
Departure made good.... 75 at 8h 58m P. M 


EXAMPLE 2. 


March 30th, 1854. A Ship took her Departure from Latitude 40° 43° N. and Longitude 74° W., at 5h 43m P. M, 
when the Sun's Altitude was observed to be 6° 6’, and then having Sailed to the Eastward about 255 miles, until thie 
ext Evening at 5h 42m by the same Watch, when the Sun's observed Altitude was 10° 16’, Required the Depar- 
ture made, the Difference of Longitude, and the Longitude in. 


March 30th, at 5h 42m P. M. Observed Altitude. 6° 6’ Departure 250, Latitude 41° =D. Long.......... )332 
do. 31st, at 5h 42m P. M. Observed Altitude. 10 16 Difference of Longitude madé7. 2). ay sane ee “pb? 32" 
4°.410' “Lonpitude! Lefty i005 see cath 5 mpc sss ot a 74 0 
60 


Longitude in... 68° 28” 
Departure made.... 250 

EXAMPLE 3. 

By the Stars. 

April 11th, 1854. A Ship in Latitude 30° 0’ N. and Longitude 65° 0’ W., at 7h 8m P. M. observed the Altitude of 
Aldebaran to be 33° 24’ bearing True West. She then Sailed to the Westward about 196 miles until the following 
Evening at 7h 4m 4s by the same Watch, when the Star’s Altitude was observed tv be 30° 4". Required the De- 
parture made, Difference of Longitude, and Longitude in. 
As the Star is in advance of App. T. 8m 56s it must be Sub, from the Time by Watch on the following Evening 


April 11th, at.7h 8m P, M. Star’s Obs, Altitude... 33° 24° Departure 200, Latitude 30° 0’ N., Diif of Long. )231 


do 12th, at Th 4m 4s P. M.Star’s Obs. Alt.... 80 4 Difference of Longitude............... Re a oh. 
8°..20' Longitude Lefte.. 02.0.0 eiets bid uie FA 65 0 WW. 
n60uh Longitude in... .68° 51 W 

Departure made.... 200 


NAVIGATING THE SHIP. 


In the preceding Days’ works are given the usual modes of finding the Ship’s position at Noon by the 
Dead Reckoning, and also the Latitude in at or near to Noon by the Sun’s Altitude, and the Longitude by 
Chronometer, and providing the Chronometer kept a steady rate, and that those observations could be ob- 
tained every day, nothing more would be required. 

But as the Sun is sometimes invisible for several days together it is evident that the Dead Reckoning may | 
become very erroneous during that interval, and it becomes necessary as a measure of precaution when the 
weather is clear at Twilight to observe Altitudes of the Planets or Stars. for at any time during a clear 
night, Stars may be observed North and South, on or near the Meridian, (see page 110.) or the Moon either 
‘by Day or Night. (See pages 101 and 148.) The Latitude by observation and the Longitude by Ghrono 


meter, (or by Lunar observations,) may thence be obtained by any of these bodies in many cases as cor- 
rectly as by the Sun’s Altitude. | 
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The Longitude by Chronometer may also be obtained at Sunrise or Sunset, (see page 146.) or at Noon 
from equal Altitudes of the Sun. (See page 147.) In the latter method no Logs. are required, and will be 
found useful in detecting any gross Error committed in working out the Time in the usual manner, but is 
best adapted for low Latitudes. (See Remarks, page 130 ) 

_ When the Sun is seen through watery clouds, and his Limbs not visible, a tolerable observation for 
Latitude may be obtained by observing his centre, (see. Diagram, page 68, No. 3, and an Example of find- 
ing the Latitude by this method at page 89.) 

_ An Altitude of any of the heavenly bodies having been obtained near the Meridian, the Latitude may 
be found by the Rules given in the body of this work, and although it may probably be a little in error il 
the Time be not exactly known, it is greatly more to be depended upon than the Latitude by Dead Reckon- 
ing, however carefully it may have been kept. 

An Error of 1 point in a Ship’s Course produces an Error in the Dead Reckoning of about 20 miles for 
every 100 miles run, whether produced by Loca] Attrae:ion, bad S'eerage, or a Current, and it is evident that 
in Ships of the present day, many of which are constructed to sail twice as fast as the old ones, that an 
Error in their Course steered will produce twice the Error in their Dead-Reckoning in one day’s run, than 
would be the case in aslower sailing vessel ; and in that case it would require greater vigilance on the part 
of the commander of those vessels to ascertain their True Position as often as possible both by day and 
night, especially in the vicinity of Land or a danger. The following remarks may be found useful. 


On Commencing the Voyage, &c. 


- The first and most important matter is to examine the Binnacle and to see that no foreign articles, suc’ 

as iron, are deposited therein. and whether the s‘eerage Compass is free from local attraction, (by the Rules 
given at page 120.) At the time of taking a Departure from the Land, if possible, a set of Altitudes of 
the Sun should be taken for Chronometer to find its Error on Greenwich Mean Time, (see page 155,) and 
always to use the same Sextant in observing Altitudes for rating the Chronometer: 

It is the common practice at Sea to observe a set of Altitudes of the Sun at about 8 or 9 o’clock in the 
Morning, and to make all the necessary corrections ready for use, as at page 140, and as soon as the Latitude 
is observed at Noon, the Latitude in at the time cf the Sights can be deduced, and thence the Longitude by 
Chronometer. Or the Sights can be worked out at once, using the Latitude by Dead Reckoning from the 
preceding Noon; then if it appears there is an Error in the Latitude by Dead Reckoning, the Longitude by 
Chronometer thus found may be corrected by Table XXX, (see pages 144 and 145,) which saves the labor 
and time of working it over again. In either case the Longitude in by Chronometer at ihe time of the 
Sights is brought up to Noon by the Dead Reckoning, and as before observed, if this could be done daily 
nothing more would be required for the safe navigation of a Ship on the open Sea, or in the fine serene 
weather in the Tropics; but when a Ship is approaching Land, or in high Latitudes, where uncertain 
weather prevails, the heavenly bodies are frequently obseured for several days together, it is necessary to 
take an Altitude of the first object that becomes visible, and to note the time by Chronometer ; if *.s bearing 
‘is near the True North or South the Latitude may at once be found, (by any of the Rules which are appro- 
“priated to the Object observed, and will be found in the body of this work,) and if the Altitude of another 
Object cun be obtained at a sufficient Distance East or West of the Meridian, the Longitude by Chrono- 
meter may be found. If the object be a S:ar and not known, see the method of finding the Stars at page 
136, or a Planet, at page 134, and as before observed, Twilight is the proper time to observe Altitudes of 
the Siars. An Altitude of the Sum or Moon also, taken at any time they are visible, and the time noted 
by the Chronometer, is an observation of great importance to a Ship in the vicinity of the Land, and by 
which either the Latitude or the Longitude may be obtained, many Examples of which will be found in 
tliis work, or the Ship’s postion may be determined by Sumner’s Method, an*Example of which is given at 
page 152; but as some of the Altitudes may have been observed in stormy weather, when the horizon was 
ill defined, and used only because no better could be obtained, the Navigator will place that degree of 
dependence in the result which the circumstances of the case would seem to warrant, and if doubtful they 
may be confirmed or rejected, as the case may be, by another observation made under more favorable cir- 
cumstances. or as in the case of finding the Latitude by the Stars N. and 8S. and taking the Mean of the 
two Latitudes. The Longitude by Chronometer may also be found by the Altitudes of Stars E. and W.,. 
and the Mean of the two Longitudes taken as the true one. 

When Alti udes of the Sun have been taken in the Forenoon. as a reserve in case of losing the Meridian 
Altitude, that one should be used which is the nearest to the Meridian to find the Latitude by. and the one 
farthest from the Meridian to find the Longitude by Chronometer. And when the Meridian Altitude of the 
Sun has been observed the Latitude is usual:y deduced therefrom in preference to all the other observations 
for La‘itude 

When a Departure is taken from the Land, the Course is shaped on the Chart by the Rules given at page 
48, and which is the True Course. ‘The Variation of the Compass being then allowed for as directed, will 
give the Compass Course required to steer ; the amount of this Variation is generally given on alk Charts. but 
it should be verified by observing the Variation with the Ship’s head in different directions. (See page 120.) 


Verifying the Chronometer. 

When the Ship is passing near any Island or Headland, the position of which is well known, by Sight- 
ing it and bringing it to bear true North or South at the time of taking a set of Altitudes, the Sea Error 
and Rate of the Chronometer may be found. See the method of rating Chronometer at Sea, (page 155,) 
and Wemarks on Chronometer (at page 79.) ‘ ? 

But if no land has been seen for many days it may be verified within cértain limits by Lunar obseiva- 
tions taken East and West of the Moon, and using the Mean of the two Longitudes so found. ‘“Se2 page 1t% 
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Indications of Stormy Weather. 


4 


Phe height of the Barometer should be frequently noted when on the Southern limits of the S. E. Trade 
Wind, or on the Northern limits of the N. E. Trade, or in high Latitudes, where stormy weather may 
expected. See Remarks on Hurricanes, (page 41,) and the uses of the Barometer and ‘Thermometer ‘ 


pages 82 and 83.) . 
Falling in with Icebergs. 


An Iceberg should always be passed to Windward, if possible, in the night time, because of the loose 
fragments which drift faster than the body of the berg, and stream out to leeward of it, and which may 


seriously injure a vessel. 
Discovery of a Danger. 


When a Ship is going free and suddenly discovers she is running into danger, the best means of avoiding 
it is to haul to the wind on that tack on which she will most rapidly increase her distance from it; by 
doing so she will gain time in order to prepare for Tacking Ship. If the water should continue to shoal, 
and if in the night time, the proper way to extricate herself would be to steer out on the opposite course te 
which she was steering on its discovery ; but if that cannot be done on account of the wind, to work to Wind- 
ward so as to make that Course good. 

If the danger is a new discovery, its position should be ascertained by a set of observations taken as soon 
as possible afterwards, and its place deduced from the place of the Ship by Cross Bearings, or by two Bear- 
ings and the Distance sailed between them, by the Rules given (at page 32.) Soundings should also be 
taken, and the quality of the ground ascertained, which, with the particulars, must be entered in the Ship’s 
Log-Book. 

While it is necessary to be on the look out for Coral Reefs and other dangers which may grow up, or. be 
thrown up by Seaquakes, where none formerly existed, it is no Jess so to guard against false alarms, for it 
is easy to imagine you see breakers when on the look out for them. For instance, in Moonlight nights, when 
the clouds are flying, astray moonbeam falling on the crest of a broken wave, has really all the appear- 
ance of a breaker ; but if the bearing of it be taken it will be found not to appear again in the same place 
Clouds and Feg-banks on the horizon often resemble land, though the experienced eye of the Seaman can 
usually tell the difference. Whales and other Jarge animals are frequently seen asleep on the surface of 
the ocean and mistaken for rocks ; and in some parts of the ocean the surface is covered with a kind of fish- 
spawn of yellowish-grey color, which at a distance Jooks like a sand-bank. On the Coast of Africa, also, 
about the Meridian of Greenwich, a very alarming appearance of breakers is caused by a multitude of 
Phospuorus Fish, and the Ship seems to be approaching a Sea of fire, and so great is the light from this 
eause that a book may be read on deck in the darkest night. 


RULES TO PREVENT COLLISION ON SHIPS MEETING AT SEA. 


Two Ships approaching each other on opposite tacks, close-hauled, and it is doubtful which will weather 
the other, the Rule is that the one on the Starboard Tack keep her reach, while the one on the Pork Tack 
ynust bear up and go under the stern of the other; but if through ignorance or stupidity the one on the Port 
Tack continues to keep her reach, and a collision is unavoidable, then both vessels should instantly put their 
helins a-lee, by which means they will be thrown in Stays, and the shock of collision, if it should take 
place, will be very much lessened. 

Two Ships meeting each other right ahead, and steering opposite courses, both having the wind free, the 
rule is that both vessels Port their helms so as to pass each other on the Port side, or if one of them should 
be close-hauled, then it is the duty of the other, which is going free, to give way and pass under her stern. 

This rale should not be too hastily adopted in the night time, when a vessel or her light is suddenly seen 
near to on the Starboard bow, because, in this case, were each to Port their helms they would run on board 
of each other. 

This rule is therefore only applicable when vessels meet each other right ahead or a little on the Port bow, 
and steam vessels, which are always supposed to be under the command of their helms, are deemed to be 

vssels going free. 

The commanders of steam vessels say that if sailing vessels would keep their proper course on the ap- 
proach of a steamer towards them, the offiecr in charge of those vessels would then see exactly the stale of 
the case and steer so as to clear the sailing vessel, and thereby prevent collision ; but it frequently happens: 
that those on board the sailing vessel become alarmed and keep changing their course without any fixed 
principle, and thereby mutually deceiving each other as to their intentions. 

Ships meeting each other at sea in a dark, stormy night, or in foggy weather, the utmost vigilance and 
preserge o! mind on the part of the officer of the watch is required to prevent collision, many melancholy 
‘nstauces of which frequently take place. ; 
On a vessel or her light being reported as seen ahead, or on either bow, the officer of the watch should 
immediately ascertain in which direction the other vessel is steering ; if that cannot be done on account of 
the darkness of the night, take her bearing by the Compass; then her change of bearing in a short time 
will point out the direction in which she is steering, but if the bearing does not seem to change the vessel] 
must either be coming direetly towards you or you are coming up with her. If you are, a running Ship, 
and the vessel ahead about to cross your bow, if there is a doubt of her doing so in time, it is your duty to. 
bear up and pass astern of her. . 4 

In the case of the vessel coming towards you,if she is on the Starboard bow and too near, Starboard 
your heim ; but if seen right ahead or a little on the Port bow, Port your helm; and were each to obey 

» tis rule a collision would be impossible, Tt is only when the one Starboards and the other Ports her hge]m. 
at the same time that such takes place. The intention of one vessel should be made manifest to the other by 
a broad sheer in the direction in which she intends to pass ; this will save some anxiety of mind on the subject. 
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All vessels in foggy weather should sound an alarm either by bell, gong, or steam-whistle, at intervals of 
two or three minutes, and that the alarm should be promptly responded to by all vessels withing’ hearing 
distance. If the sound of the alarm be heard on the Starboard bow both vessels should instantly Starboard 
their helms. Wut if it is heard from right ahead or on the Port bow, both vessels should instantly Port 
eneir helms, sith by doing so a collision ‘would be impossible. Slacking a vessel’s speed will not always 
prevent c Il sion; the oniy remedy is the helm, and the promptness with which it is turned in the same 
direction as above by bo.h vessels. But to make this effectual we must have a universal Law, to be 
atopted by Ships of all nations. 


Error in the Course of a Scudding Ship. 


When the Ship is seudding in a Gale and a high Sea running, with the wind on the quarter, she is gene- 
rally found to have been run off to the leeward of the course intended to have been steered. This issome- 
times unavo'dable to prevent the sea falling on board, but more frequently caused by bad steerage, that is, 
by the helmsman hanging on his weather helm when the Ship is on the top of a Sea, in the room of easing. 
it, as he ought to do, the consequence of which is, that the Ship is yawed off nearly before the wind, and 
runs for some time so before she can be brought up to her course again. In this case the officer of the. 
Watch shou!d mark on the Log-Board the course the vessel is supposed to have made good by Compass; 
this will seldom amount to more than one point to leeward of the given course, unless the vessel has beer. 
wretchedly steered, because we may suppose she has been kept some part of the time at or even to wind- 
ward of the given course. When the vessel is running in a narrow channel or in the vicinity of a danger,: 
it becomes of the utmost importance that this yawing off should be guarded against, by steering a point, or 
wha'‘ever allowance may be deemed sufficient, to windward of the given course, or by yawing her to wind- 
ward as much as she has been run off, so as to make the course good. This yawing of the vessel about 
necessarily cuts off a considerable portion of the Distance she would have run or a straight course, hence.an 
allowance of about 1 mile in 10 is deducted from the Distance run by Log., and as before observed, an 
Error of 1 point in the Course steered will produce an Error in this case of 20 miles for ‘ewery hundred 
‘miles of distance run, which the Ship will be to leeward of her course. 


The Proper Tack to Lay To On. 


In the Remarks on Hurricanes, at pages 42 and 43, rules are given for Laying To on the Proper Tack 
in those eases; but as the Storms in Higher Latitudes revolve in a contrary direction to what the regular: . 
Duilt Hurricanes do—for instanee, in the North Atlantic Ocean they commence generally at S. EK. of 
South, with rain, and veer gradually round by the West to N. W. and North when the rain ceases, but. 
the most danger is to be apprehended from a sudden shift, which frequently takes place after a heavy fall 
of rain from 8. W.'to N. W.; in that case it is evident that the Starboard Tack is the proper one to be on. 
In a high South Latitude, in the South Atlantic Ocean, Storms commence at N. E. and North, with rain. 
as in ihe former case, and veer round by the West to S. W. and South when the rdin ceases: sudden 
changes take place in the same manner from N. W. to S. W. The Port Tack is therefore the proper one to 
Lay To on in the latter ease. (See the Acting of the Barometer in these cases, at page 83.) 


Laying To under a Drag. 


When a Ship has the misfortune to be dismasted, and totally unmanageable, an endeavor should be: 
made to keep her Head to the Sea. This can be effected (circumstances permitting) by constructing a 
“rag. as follows :— ' 

Lay across the Gunwale any useless spars and lumber, so that after being lashed together they may | 
se easily launched overboard, to which attach as mucli of the wreck and heavy articles as possible, so as 

» sink the spars and Jumber square with the surface; to each end of the spars attach the ends of a piece 

. chain or rope in the form of a span or bridle ; now pass the end of a hawser or stream-chain out through 
-z hawse-holes, and bend it on to the middle of the span, and launch the whole concern overboard, and it 
will be found that thé Ship will ride by this Drag nearly head on to the Sea, because by the wind acting on 
the hull of the vessel, she will drift faster than the Drag will allow her, consequently her head 1s kept up 
to the Wind and Sea. In the meantime the crew will be enabled to work more easily in the fixing up, ana 
rigging Jury-Masts, in consequence of the vessel having now less rolling motion. 


To Construct a Temporary Rudder at Sea. 


When a Ship has Jost her Rudder at Sea, a temporary one may be made out of a thick spar, shaped inte 
a Radder-stock, and if it is made several feet shorter than the old one, it can be better secured below 
water. Make the Rudder with what materials are at hand, and if the upper part of the old stock har 
been saved, transfer the pintles. &c., to the new one, placing the pintles at the same distance as before, 
and prepare the Rudder-head for receiving the tiller as soon as it is shipped. Now take a piece of chain, . 
of a sufficient length for guys, middle 1' exactly, and mark both parts of it at intervals with exactly 
corresponding marks, take a round turn with the middle of this chain round the foot of the Rudder-stock, 
and cross the guy on the fore part of the Rudder, and secure it from slipping off. 
. Then. when the guy-lines, and the purchase for shipping it, are all prepared, launch it overboard, enter 
the head of the Rudder in the trunk, the guys having been previously passed round, one on each quarter, 
(taking care that the crossing has been retained, .) and passed forward, are hauled taught abreast of the 
main rigging, and the corresponding marks on the chain are then placed at an equal distance from the rails | 
on each side. After the pintles of the rudder are shipped, then clap tackles on the guys and haul them. 
taught, which will bind the lower part of the Rudder to the Ship’s stern-post, and at the same time allow 
* to act freely.’ 
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The guys should be cleeted to the Ship’s side on the first calm day, to prevent them chafing about m the 
wash of the Sea. 

The reason why the Rudder is not required the whole length is, that the lower part of it, 1s of no use te 
the Ship for steering purposes, and it is only the upper part of it that is acted upon by the water, and 
which has been proved in cases.where a Ship, having had the lower part of her Rudder broken off at the 
lower gudgeon, has been steered as well as if nothing had beert amiss with it. 

This can be easily accounted for, when we consider the immense pressure of the Ship on the water, and 
that as she advances, this water, being set free from under her, rushes up her run at an angle of about 45°, 
and must necessarily strike the upper part of her rudder with « force greater than, the actual velocity 
which she is going through the water. 

Making the Land. 


‘This is generally a time of much anxiety, especially in tempestuous weather, when no observations have 
been recently obtained, because of the uncertainty in the Reckoning, in consequence of the Ship having 
been probably under the influence of Currents which generally prevail near the land, and great caution is 
thereiore required in approaching it. When Soundings can be obtained they should never be neglected. 
(See Remarks on Sounding, at page 52.) ; 

When the Reckoning is doubtful, the usual practice is to get into the parallel of Latitude of the place 
the Ship intends to make, and then steer true East or West, as the case may be, proceeding cautiously until 
the land is seen, but care must be taken that the Ship is not too far ahead of her reckoning before falling 
into its parallel ; as in the case of making an island, for instance, laying West of the ship. she must be 
sure that she is to the Eastward of it before falling into its parallel. It is therefore safest, if there is no 
Chronometer on board, to keep well to the Eastward before falling into its parallel, and then to steer due 
West. She will make it ahead. 

When a Ship is bound to a Port on a Coast which trends North and South, the Land should be made at 
some point to windward of it, and which has a high and bold shore; then by running down the Coast the 
Latitude by Observation will point out her Port of Destination. 

When Observations for Latitude and the Chronometer can be depended on, they should be continued ap 
to the latest period at which the land is expected to be seen, because of the currents or tides near the land, 
and which affect the Ship’s Landfall. The Observations should be verified by sounding at least once, even 
when the weather is clear, and compared with that laid down on the large Chart of the Coast, at or near 
to the Ship’s Position by Observation, the bearing and distance of any part of the Coast can then be 
ascertained, and a Course shaped accordingly. It is usual to make some prominent headland or lighthouse 
in the daytime, or some well known light by night. If the Navigator is a stranger to the Coast, he will 
naturally consult the Sailing Directions, so as to form some idea beforehand of its appearance, or the 
character of the lights he may expect to see, so that when the Land is seen he may compare it with the 
description given of it, and also its outline on the Chart. But to remove all doubt the Bearing of three 
Objecis on Shore should be taken, and a cast of the Lead: then if those Bearings laid off on the Chart 
meet at a point as a common centre, and the Soundings also agree, there can be no farther doubt but that 
the Landfall is correct. This sometimes is a matter of much importance to a stranger in making the 
Land, because by mistaking the Land or a Light for some other on the same Coast, fatal errors have been 
often.committed. It is therefore prudent to test it as above mentioned, before shaping a Course toany other 
part of the Coast. 

A. Ship on approaching a Coast in thick blowing weather, where shoals lay off some distance, would 
naturally keep sounding as she stood in, but by mistaking the Soundings so obtained for those outside of | 
the Shoals when they were in fact those near the Beach, and in standing off has ran aground on the inside. 
of the Shoals. This is of frequent occurrence, and caused by an error in the Reckoning; and the only 
remedy to guard against such an accident is to keep the Lead going until the Ship has made an offing equal 
to the Distance at which the Shoa!s lay off from the Shore. 

When a Ship is caught by thick weather in a narrow channel, between Shoals, and it is not considered: 
prudent to anchor, she is put under easy. sail, and tacked or wore round every hour or half hour, as the 
circumstances of the case require, until the weather clears up, and she can extricate herself. 


Signs of Land. 


There are some Signs whereby it may be known when a Ship is approaching Land—the most infallible 
is that of the change in the color of the Sca from a deep blue to a pea green, (a sure indication of being on 
Soundings,) and from that to a muddy color as she approaches the Coast, where tree-roots and other drift- 
wood inay be met with floating about, and the coasting and fishing vessels of the country. The Bearing of 
the Land may also be known from the direction in which a fleck of Sea-birds are seen flying at Sunset. 
Ducks, and other kinds of diving-birds, which do not fly far, are a sign of being near the Jand. 

_ Land is seen at the greatest distance off at Sunrise or Sunset, before the vapors begin to collect around 
it, in the form of clouds, which frequently hide it from view in the daytime. . ‘This is called by seamen the 
‘.oom of the Land. 
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METHOD OF KEEPING THE LOG-BOOK. 


The Log-Book is an official Journal or Record of all the transactions which occur during the voyage oi 2 
Ship, from the time of her sailing from a port in the country to which she belongs, until her return to a 
nome port again, and her cargo discharged ; although it is usual to consider the voyage at an end when she 
ts safely moored in that port, so far as regards the engagements with seamen. 

It should, therefore, contain a true and faithful account of all matters connected with the duty of the Ship, 
of daily occurrence, both at Sea and in port. Accidents, or loss in the Ship’s material sustained, and also 
the miseqiduct of either the crew or officers, should all be entered distinctly, and in as few words as 
possible. 

While the Ship isin port, the Harbor Log, as it is called, is kept in the common, or Civil Time at the 
place, the Day beginning at midnight and ending at midnight. It contains an account of the wind and 
weather, the number of packages received or discharged, as per Cargo Book, the yuantity of stores received 
on board or discharged, the number of hired laborers employed, and the general employment of the crew .. 
and when leave is granted to a portion of them to go on shore, to return again at a stated time, if they do 
not so return, the fact should be entered in the Log-Book, and the length of time they were absent without 
leave also. Any occurrence which may have a bearing upon the discipline of the Ship should be taken 
uotice of and noted down; because, in the case of trouble with the crew, the Log-Book is received as 
evidence of the facts of the ease in a Court of Justice. These entries should all be made in the evening of 
the day on which they occur, or on the morning of the following day, while the circumstances are fresh in 
the memory of the officer whose duty it is to record them. The Log-Book is kept by the 1st officer; but 
in the eveut of sickness, or in having been put off duty for misconduct, whoever is appointed in his room 
(by the Captain) must keep the Log. Sometimes the Captain writes it himself. This is legal enough, 
providing ncthing but the truth is recorded. 

This is mentioned merely to show that the Chief Mate of a Ship is not justified in retaining the Log- 
Book after iis being demanded from him by the Captain, as some Mates seem to imagine they have a right 
todo. The Book belongs to the Ship and to her commander. 

The Sea Log may be kept in Common or Apparent Civil Time, if required. (See the Example following.) 
The entries commence at midnight, and are continued nntil the following midnight, having the Noon of the 
Sea Day in the middle of it. The Log Board is carried on from Noon to Noon, as usual, the preceding 12 
hours work on the Board, that is, from the preceding Noon to midnight, and the following 12 hours, from 
midnight to Noon, constitute the day’s work, as before; the Ship’s reckoning up to Noon, in this case, 
appearing in the middle of the Log. This method is very convenient in case of referring back to dates, 
and is perfectly easy in practice, because we have only to copy off from the Log Board as above stated. 

The old method is still, however, generally used, through the force of habit, and which is an exact copy, 
of the form used on the Log Board. (See page 180.) 

The Log-Book commences, as before observed, when the Ship is unmoored, or breaks ground, under. 
charge of the Pilot; and the time at which he leaves the vessel is noted, and the bearing and distance of 
the land taken as a Departure. Suppose the Ship to have sailed in the morning of the 5th of June, and a 
Departure taken at 6 A. M., in writing the Log up to Noon, we would say, this day’s work ends with 12 
hours, (being the end of the Sea Day of June 5th.) to begin the Sea Log. ‘The Course and Distance sailed 
is then reckoned up, and the Ship’s position found at Noon. The Log for the afternoon is then dated the 
6th of June. ‘ 

Suppose the Ship to sail and take her Departure in the afternoon at 6 P. M., we would commence the 
Sea Day in like manner, noting that the last Harbor Log contains only 12 hours. 

On the other hand, when a Ship goes into port in the morning, the Sea Date of the Log and the Civil: 


Date of the place being the same, the entries are continued until midnight, and we say, this day contains 36° -~ 


tours, to begin the Harbor Log. ‘i 

And when she goes into port in the afternoon, the entries are continued under the same date until the 
following midnight, when the same remark is made, that this day ends with 36 hours, to begin the Harbou 
hog. 


13 
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METHOD OF KEEPING A SHIP’S LOG-BOOK IN CIVIL TIME. 


We shall now proceed to give a few Examples of writing the Harbor Log, and the Log at Sea, by Civil 
Time, and conclude this work with a short Journal of a voyage. or rather a passage, of a Ship from Santa 
Cruz to St. John’s, N. F. 


The Harbor Log. 


DAY OF THE MONTH. WINDS. REMARKS ON BOARD THE C. 8. DAUNTLESS, LYING AT SANTA CRUZ. 
Monday, N. EK. Throughout this day fresh breezes, with passing showers. 
Mareh 13th, 1854. Crew and 3 laborers employed taking in cargo, (as ver Cargo Book,} 
bending light sails, and other duty. 
Barom. 30.00 Therm. 80° James Collins off duty, sick. 
Tuesday, N.N. First part of this day fresh trade, and fine, middle and latter parts. 
March 14th. Strong wind and rain squalls. 3 laborers employed. 
Finished taking on board cargo, Hoisted in the longbout and cleared 
Barom, 29.85 Therm. 79° up the decks, J. Collins returned to his duty. 
~~ Wednesday, KN. E. ‘Throughout this day moderate and tine weather, Employed filling 
Mareh Ldth, fresh water, bending sails, and taking in Ship’s stores, and in the 
eveting got the Ship ready for Sea, and at 6 P. M. unmoored, and 
‘ Barom. 30.05 Therm. 81° hove up the starboard bower anchor, and hove in to 30 fathoms, 


7 Shackle on the small bower. Discharged the laborers. 


The Clipper Ship Dauntiess, W. Griffen, Commander, from Santa Cruz to St. John’s, N. F. 


‘Lhursday, N. k. At 5 A, M. the Pilot came on board. Hove short and made sail. At 
March 16th. | 5h 30m weighed from the anchorage at Santa Cruz and pri 
ceeded to Sea. Light baffling wind and cloudy. 
At7 A.M. discharged the Pilot and made all possible sail. The 
steady Trade set in, with fine pleasant weather. ; 
At Noon, the N. E. end of St. Anthony Island, one of the Cape Verde 
Islands, bore West by Compass, 8 or 4 miles distant. 


Barom. 31.00 Therm. 82° Lat. Obs. 17° 9' N. Magnetic Varia. 14 poiuts Westerly. 


n. | K. |a.K.] Courses. | winps. | L.w. Log Kept in Civil Time. 
Ad: N. W. by NJ N. E. by N. p.M. Fresh Trade and fine weather. 
ais Dp rh . Stowed the anchors, unbent the cables and put them below, 
a1 5 © f At 3h, the N. W. end of St. Anthony bore S. 17° 30’ W., distant 
bh. 8 N WN.W. | N.E. by E. 15 miles, from which the Dep. is taken in Lat.17° 12" N. Long. 
ge 3) 9 7 - 25° 19’ W. At 5h, set the starboard studding-sails. 


1) * . At 6h, the Mag. Variation at sunset was 17° 30’ Westerly. 
tl 1 % E.N, E. Passed several vessels bound West. 
At 8h, increasing breezes and smooth water, 


oP met 
a 

° 

a 

- 

ra 


¢ : . ¥ Light squalls from passing clouds. 
10 "5 E. by N. At 10h, in sky-sails and rounded in the weather braces, 


Midnight. Fresh Trade and clear weather, 


” The Departure is taken from theNorth West end of the Island of St. Anthony, bearing S. 17° 80’ West, 
ana the Variation 17° 30’ West allowed, gives the true bearing South; the Ship is, therefore, on the 
Meridian of that point, distant 15 miles to the North of it. Sights being taken for Chronometer, its error 
on Greenwich Mean Time is found to be Oh 10m 39s too fast, and the Rate since last Observation, taken 
-in a similar manner, 2sce. 5-10th gaining. We have thence the Sea error and Rate of it obtained. (See 
the Rules and Examples given at page 155.) 

To shape a Course in this case, we lay the ruler over the place of the Ship and Cape St. John, N. F, and 
find the true Course to be N. W. 4 N., the Variation allowed to the right gives the Compass Course 
required to steer N. by W.2 W. The distance off at present is immaterial, but both Bearing and Distance 
may be found by a case in Middle Latitude or Mercator’s Sailing, 

In Ships of great speed, when working up the day’s work, it will be found more corrret to turn the 


Course steered into degrees, and apply the Variation, (also in degrees, )to it, and thence find the Difference 
ef Latitude and Departure. 


? 
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The Clipper Ship Dauntless, W. Griffen, Commander, from Santa Cruz towards St. Johns. 


ore. ie K.| COURSES. WINDS. - w. REMARKS, FRIDAY, MARCH 17TH, 1854. 


ae 


Bila i | NOR bi. by Ny | « | A.M. Fresh breeze and clear weather. 
9} 14 | © . “ | At 2h, squared the yards and set the lower studding sail. Set up 
gl 15 | East. s and secured the boom braces, and preveuter breast and back 
4 14 ie 3 : stays. 
“5 15 “ &< 
metal} “ « | At 6h, The Magnetic Variation at Sunrise was 20° Westerly. 
¢j | 15 “ “.! 
8:14 1 “ “ At 8h, Longitude in by Chronometer was 27° 57’ 30/" W. 
9 | 15 : “ . Watch employed about the rigging fixing chafing gear, 
10} 15 ¥ * Carpenter repairing the longboat. 
11 | 15 ¢ | * | Pumps carefully attended. 

(12 {15 fs | * | Noon. Strong steady Trade wind. 
Variation}; Course | Dist. | D. Lat. | Dep. | Lat. D.R.20° 52’N. Lon. D.R. 28° 34’ W.) Lon.Chr. 28° 40' W.| Bar. 830 00 — 
19° W. |N.40°W.| 287 | 220 N.| 185 W.|Lat.Obs.20 50N.)Dif. Lon. 3 15 W.'D. R. since yester- |Ther. 79° 

lday...¢:. 28) 84° 

‘Be 15 | . N.N.W.|] East. “ | P.M. do. weather. All possible sail set. Rue 
2} 15 | rs . | “ | Signalized the Ship Shannon from Havre, bound to New Orleans, | 
3) 15 | ‘ at eae out 30 days. a 
abe | x “ “| At 4h, Long. in by Chronometer 29° 25’ W. 
5.40155 " 4 « | At 5h, Carried away the top-gallant studding-sail booms. Made 
Pei n : hs up the sails and sent the booms down on deck. _ 
i 15 | : - “ | At Sunset the Magnetic Var. was Obs. to be 20° Westerly. 
81 15 | “ “ | : At 8h, squally-like clouds in the N. W. and the Barometer falling. 
Pee Ly | “ « “ Ship approaching the Northern limit of the N. E. Trade wind. 
10: 15 | - + Handed all the small sails. 

bY 4715 «“ . * | At Mid. The wind heading the Ship ofl, in all studding-sails and 
12 | 15 | “ “ € braced forward the yards. 

} He) | K. re K.| COURSE. WINDS. t w. REMARKS, SATURDAY, MARCH 18TH, 1854. 
F-. 10 | N.W. |N. Eby Ny “ A.M. Very squally weather, with heavy rain; handed the stay- 
2110 | a «“ = sails and flying-jib. . 
3 10 “ 6&6 “ 
4| 10} . s “ | Heavy ground swell from the N. W. 
5 | 10— “ « “ 
6 | 10 | * 2 “ | At Sunrise the Magnetic Varia. was Obs. to be 19° 30’ W. 
Te ie0 a re My 
8 | 10 | W. by N.| North « | At 8h, In first reef of the top-sails and set top-gallant-sails over 
S10). si * 4 them. 

10 | 10 | 1 “ “ | No observations, Sun obscure. 

NIL} 10151 : ~ “ | Noon. Strong gale and a high topping sea. 

bel OT eee _ * « | In top-gallant-sails and double-reefed the top-suils. 

Variation | Course | Dist.[ D.Lat.| Dep. |Lat. D.R. 23° 26’N.| Lon. D.R. 82° 46’W.| Long. Chro. 0° 0/Bar. 29 .50 
19° W. |N.56°W.| 280 | 156 N. | 234 W. pat On wie Dis Lon. 4 12 W.|D.R. since yes- {Ther. 78° 


| Iterday 32° 52'W. 


As sufficient examples of working a Day’s work have been already given worked out, it is considered 
unnecessary to work out those in this Journal, the result only being given, that is,a summary of the whole, 
including the Latitude by Observation, and Longitude by Chronometer at Noon, the Longitude by Dead 
Reckoning being carried on from day to day by itself. The Difference of Longitude made is also applied 
to the Longitude by Chronometer on the preceding day, and placed under the Longitude by Chronometer 
to-day. This affords a means of comparison. In like manner the Latitude by Dead Reckoning and that by 
Observation are placed under each other, which will show at any time the effect of a Current or the Errors 
in the reckoning. 

The Variation observed agreeing with that laid down on the Chart, we conclude there is no Local Attrac- 
traction on board. The Courses steered by Compass in the above Days’ works are turned into Degrees 
and Minutes, the Variation applied gives the True Course in Degrees; for instance, N. N. W. is N. 23° W. 
nearly. and as the Variation has increased in the first Day’s work from 17° 30’ to 20°, we take the Mean, 
or 19°, as the proper Variation to be allowed on the whole Day’s work ; this added to N. 23° W. by Com- 
pase, gives the “rue Course N. 42° W., with which and the Distance run, gives the D. Latitude and 

eparture. 
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-METHOD OF KEEPING A SHIP’S LOG-BOUOK IN SEA TIME. 


Having thus given Examples of Keeping the Harbor and also the Sea Logs. in Civil Time in the com- 


mencement of this Journal, the remainder of it will be kept in Sea Time, that is, in the asual manne» 
adopted on board merchant vessels. 


The Clipper Ship Dauntless, W. Griffen, Commander. 


REMARKS, SUNDAY, MARCH 19TH, 1854. 


P.M. Strong gule and rainy weather. . 
Sent down the royal-yards and rigged in the flying-jib-boom, 


At 4h, eased the Ship by checking in the weather braces and keep- 
ing clean full-and-by, the object being to get well to the West- 
ward before a ¢hange of wind takes place, which, by the falling 
of the Barometer to 29.40 would seem to indicate. 


DO COTR AB tote 


~ = 


At 10h, do. weather. 


| Midnight. Strong gale and a high sea. Pumps carefully attended. 
Ship keeping perfectly tight. 


At4 A.M. Gale increasing, reefed the coursers and spanker and 
eased the jib-half-boom in. 
At 6h, the Magnetie Varia. at Sunrise, as near as it could be ob- 
served, appeared to be 14° or 1} points Westerly. . 
At 8b, observed an Alt. of the Sun. Long. in by Chron. 36° 0’ W. 


2 
1 
2 
3 
4 
5 
6 
7 
8 
9 


At 11h 45m, another Alt. of the Sun gave, Lat. in 21° 9’ N. 
Noon. Stormy weather. Sun. obscure. 
Variation] Course | Dist. | D. Lat.| Dep. |Lat. D.R. 21° 17'N, Dif. Lon. 8°34’ i Long. Chr. 386° 36°| Bar. 29.35 
17° W.- |S. 67° W.] 287. | 1298. | 198 W.|Lat. Obs.21 7 |Lon.D.R.36 20W.|D. R. since yester- |Ther. 78° 
day 36° 264 


In the above Day’s work it appears that the Magnetic Variation has changed from 19° 30’ to 14°, during 
the run to the Westward since yesterday evening at Sunset, we therefore use the mean of the two, which is 
17° or 1} points, to correct. the Compass Course. 

An Altitude of the Sun having been obtained at about 8 o'clock for Chronometer. and another for the 
Latitude near Noon, the time by Chronometer being noted at the time of each observation, the Latitude is 
thence found by the method given at page 94, and the Longitude by Chronometer is found by the metlod 
given at page 140. This is the simple case ; or the Latitude may be found from the two Altitudes having 
the measured interval of Time between the observations by the method given at page 96. As the Ship has 
plenty of sea-room it is not necessary to resort to the method given at page 144 in this case ; besides the Ist 
Altitude was observed at a proper distance from the Meridian, and any Error in the Latitude by Dead 
Reckoning would not affect the Time much, nor the Longitude by Chronometer, because the Ship is in a 
low Latitude. 

One point of Leeway ahd 14 points of Variation being allowed to the left of the Course by Compass, 
gives the ‘True Courses, which, with the Distance run on each, gives the Difference of Latitude and Depar- 
ture made good, and thence the Latitude and Longitude by Dead Reckoning. Then the Difference of Lon- 
gitude made by Dead Reckoning applied to the Longitude by Chronometer yesterday, gives the Longitude 
in by Dead Reckoning since yesterday. This compared with the Longitude by Chronometer to-day shows 
the Ship to be 10’ of Longitude to the Westward of the Dead Reckoning. In like manner the Difference 
between the Latirmude by Dead Reckoning and that by observation shows the Ship to be 10’ to the South- 
ward of the Dead Reckoning. This may be accounted for in two ways, that is, she must either have gone 
more distance than the Log has given her, or there may have been a Current setting in the direction of her 
Course, It is evident it could not have been caused by an Error in the Course, because the Error in the 
Latitude is to the Southward of the Dead Reckoning, and the Errorin the Longitude is to the West of the 

Dead Reckoning, or in excess; but.had the Longitude by Chronometer been to the Eastward of the Dead 

Leckoning, or less than it, it would then have been concluded that the Error was due tothe Course hav ng 

been more to the Southward than that given by Log. 


2 « 
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From Santa Cruz, (Cape Verdes,) towards St. John’s, Newfoundland. 


H.K.| COURSES. WINDs. L. W. REMARKS, MONDAY, MARCH 20TH, 1854. 


W.S. W. | N.W. by Nj} 1 | At 1 P. M. the wind hauled more to the Westward. Wore ship 
N.E.by N.| N. W. 1} to the North Eastward. 


1} N.N.E. |N.W. by WJ 14] At 4h, strong gale and rainy weather. 


1 < 7 At 6h 30m, the sky cleared up to the Southward. Observed the 


1 « 23 Meridian Altitude of the star Sirius, (a good observation.) which 
1 $ gave Lat. in 21°42’ N. Tat. by D. R. at same time 21° 35’ N. 
“ “6 . 
ae ‘ At 10h, more moderate weather. Out double reefs of the topsails 
7 3 1 and set top-gallant-sails over them. 
~ _ Midnight. Fresh breeze and clear weather. 
“ “ 
! a At 2 A. M., weather moderating, and the head sea going down, 
4 “ 
if rs At 4h, out reefs of the courses ard spanke’ 
“« “ At 5h 30m, Lat by the Moon 28° 26’ N., D & gave 23° 17’ N. 
2 ie At Sunrise, the Magnetic Variation observ: { was 12° 0’ W. 
Lal 4s 
a - _ | At 8h, Long. in by Chronometer 85° 25’ W. 
* « Watch on deck employed repairing chafing gear. 
* - Carpenter repairing the Longboat. 


2 
, th Noon. Cloudy weather; Sun obscure. 


Dist.|D. Lat |Dep. | Lat. D. R. 24° 23’ N.| Dif. Long. 1° 23’ E.|Lon. Chro, 35° 8’ W., Baro. 29.80 
198 1182 N.J76 E.|Lat. Obs. 24 38 N|Lon. D.R34 57 W.|D.R.sin. yest 35 13 W.! Therm. 77° 


Course. 
N. 28° E. 


Varia. 
413° W. 


To Correct the Courses Steered in Degrees. 


Comp. Course W.S.W. or S. 67° 30’ W. N.E. by N. or N. 88° 45’ E. N.N.E. or N, 22° 30’ E. N.N.E. or N, 22° 80' 
Sub.L,.W.11° 15’ & Va.138°==24 15 Add the Diff... 3 52 Add Diff. 2/853. “Sub Dit ae 


Course made good......S. 48° 15’ W. N. 87° 87'-E: N. 26° 22’ E N. 2u° 30’ EB. 


The Courses being corrected in the above manner, and entered into the Traverse Table. with their 
respective distances, as usual, the nearest degree being then taken as the Course to find the Difference ot 
Latitude and Departure. 

This is a very important matter, and should be attended to in a fast-sailing vessel ; because an omis 
sion of, say 2°, in the variation allowed on the Course steered, when the distance run is great, will cause 
a considerable error in the Dead Reckoning. When the Course is near the Meridian, or near a Parallel 
of Latitude, this error will amount. to 4’ in every 100 miles distance; when near 45° the error will be 2’ 
in every 100 miles. 

In looking over this day’s work, we find that at 6h 30m the Latitude found by the Meridian Altitude of 
the Star Sirius. made the Ship 7’ to the Northward of the Dead Reckoning, and at 5h 30’ A.M., by the 
Meridian Altitude of the Moon, she was 9’ to the Northward of the Dead Reckoning. 

And that the Longitude by Chronometer made her 5’ of Longitude to the Eastward of the Dead Reck 
oning. She has, therefore, made less Leeway than has been allowed her. and gone more Distance than 
the Log gives her ; it is therefore proper to examine the Log-line ; and which, on being examined, we find 
to be 5 feet too long at the 5 knot mark, which would be equivalent to an error of nearly 4 a knot in using 
the 14 sec. or Short Glass, giving the Distance too small. ‘The proper length between the knots should be 
45 feet,, whereas the line was found to be 46 feet, or one foot too Jong on each knot. A measured space 
‘of say 22 feet 6 inches, the length of the half-knot, should be marked off on the deck, and a copper nail 
‘driven in at each end of it, as a permanent measure, whereby the line may be verified occasionally ; because 
‘it is liable to shrink up as well as to stretch, when new. In fitting a new line, it should be well stretched 

-and then thoroughly wetted, before it is measure? and marked. 
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. The Clipper Ship Dauntless, W. Griffen, Commander. 


WINDS. L. W. REMARKS, TUESDAY, MARCH 21st, 1854. 


COURSES. 


eee 


9g | 1 |N.byE. 4EJN.W.by WJ 4] At 28m past Noon, Lat. Obs, 24° 43! N. . . 

I oe ¥ n.w.byw.dw At 2 P. M,, out all reefs, Sent up the royal yards, rigged out tlie 
" ’ flying-jib-boom, and set the sails, . 

At 4h, the Long. in by Chronometer 35° 0’ W. 

Steady breeze and fine weather. 

Sunset, Magnetic Variation Obs. 12° Westerly. 

At ‘Th 20m, Mer. Alt. Castor. Lat.in 25° 56’ N. D. R. 25° 54’ N. 


8 | 10 
9/10] 1 At 9h, set the stay-sails, fore and aft. 
10} 11 
11 | lo 1 
12} 11 Midnight. Steady breeze and fine clear weather. 
Sh had lat pa | + 
hae & | A.M. Do. weather. All possible sail set. 
3 hOH 1 
4} 11 At 4h 20m, Mer. Alt. # Antares. Lat.in 27° 25’ N. D. R. 27° 27'N. 
5/10] 1 
6 | 11 At 6h 38m, Mer. Alt. D Lat. in 27° 54’ N. D. R. 27° 53’ N. . 
TA Le al . 
8 | 11 At 8h, Long. in by Chronometer 34° 28’ W. An Azimuth taken 
9 POF same time gave the Magnetic Variation 14° Westerly. - 
10} 11 Employed painting the boats, &e. ie . 
LIGLO YE Ad Carpenter caulking on deck. rel 
12 Fert Noon. Island of Fayal (Azores) N. 26° E., 650 miles. 
Varia.| Course. |Dist.|D. Lat.|Dep. | Lat. D. R. 28° 48’ N.|Dif. Long. 0° 42’ E.)Long. Chro. 34° 22' W.| Bar, 29.80 
13° W.LN.8° 30’ E| 253 1250 N.187 El Lat. Obs. 28 50 N.jLon. D. R. 34 15 W.|D.R.sin.yest.34 26 W.|Ther. 76°49 


As the Meridiati Altitude of the Sun was not obtained yesterday, an Altitude was taken in the after- 
noon, and the Time noted by Chronometer, by- which means the Apparent Time at the Ship was found to 
be 28m past Noon. The Latitude being then worked out, (by the method given at page 94.) is found as 
above. The Ship has made 5’ of Difference of Latitude to the Northward since Noon, which subtracted 
from it, gives the Latitude in at Noon yesterday. ; 

The Magnetic Variation having changed from 12° to 14° during the day’s run, the Mean of which, 13°, 
being applied to the left hand of the Courses by Compass, after being corrected for Leeway, as shown in 
yesterday’s work, will give the True Courses. / . 

The Difference between the Dead Reckoning and Observations to-day is much less than heretofore, being 
only 2’ of Latitude to the Northward, and 4’ of Longitude to the Eastward. 

The Variation was found this morning by an Azimuth, and by the same Altitude which was used for 
Chronometer. (See the method of doing this at page 150.) . 

By inspecting Table XVIII, against the Day of the Month, the Times of the Meridian Passages of the 
Stars Sirius and Antares will be found as above. Then their computed Altitudes furnish the means of 
finding them. (See page 106, No.3) ‘The Latitudes so found, and that by the Dead Reckoning since 
Noon, on being compared are found to agree, nearly. ve 

By reference to the Nautical Almanace, in the case of the Moon, the Mean Time of her passing the 
Meridian at Greenwich is found and reduced to the Meridian of the Ship. Then the Equation of Time 
subtracted, gives the Apparent Time as above. (See page 101.) The Latitude Observed and Dead Reck- 
oning agree, nearly. : 

The Ship’s position being laid down on the Chart each day at Noon, as @irected at page 48, and joined 
together with a pencil line, produces her track. When out on the open Sea, it is not necessary to note 
the bearing of the Land daily, but in the ease of having to pass near to certain land, it is prudent to note 
its Bearing and Distance at Noon, as we approach it. As in this ease the Ship is heading towards the 
Azores Islands, we therefore find the Bearing and Distance of the nearest. Fayal bears N. N.E.2E 
True, or N. E. ¢ N. by Compass, distant 650 miles; and Flores, which lies West of it, bears N. by E. ¢ E.., 
or N. N. E. 4 E. by Compass, distant 660 miles. The same may found by the Rule in Case 2d, in Mid- 
dle Latitude or Mercator’s Sailings 
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H. | K. |H. HK COURSES, WINDS. LW, REMARKS, WEDNESDAY, MARCH 22p, 1854. 
1 Bee 1 1 IN. by E. £K. |N.W. b.W. W, pong P.M. A fresh, steady breeze ; all possible sail set. Signalized 
2 1} 7 the Ship South Carolina, from Liver pool, bound to “Austra- 
3 g lia, out 15 days. 
4 * “ “ | At 4h, Long. in oy Chron. 34° 22’ W., and an Azimuth Obs. at 
5 | 11 ft “ the same time gave the Magnetic Varia. 20° W. 
6 10 “ “ 4 
7 it 1 “ “ 
8 |,11 _ " « | At Sh, Squally ; handed the stay-sails. 
Gy ] 1 “« “s “ 
1 | 11 apd “ | At 10h 6m, Alt. P’t Mars S. gave Lat. 30° 36’ N. M 0°4'N 
Pi. 11 4 " sf do. Alt. Polar %* N. gave Lat. 30° 46’ N. wes Bs a 
eG TS ae | N.E. N. W. by W.| 0 | The Lat. by D. R. since Noon same time........... 30° 39’ N. 
ot a ¥ « | Clear starlight night and smooth water ; ‘set ull the stay-sails, 
ee | * : ve fore and aft. 
3 ll “ « “ 
4° | 10} 1, ” * “ | Af4 A.M. Fresh breeze and showery weather. 
5111 " * At Sunrise the Mag. Varia. observed was 25° Westerly. 
6] 11 ” = | “ | At 7h 40m, Mer. Alt.of the ) Lat.in 32° 16’ N,, D. R.32°17’ N, 
7 | 11 : ss « | Long. in by Chron. same time 33° 42’ W. 
8/11 . “ a Employed reeving new running rigging and setting up the jib- 
10 | 11 “ | “ uM guys and top-gallant backstays. 
Beto! ' | a « | Steady breeze and pleasant weather. 
12] 11 a“ a “ | Noon, Island of Flores, eae ores) N, 15° E,, Dist. 404 miles. 
Variation | Course | Dist. | D. Lat.) Dep. |Lat. D. R. 33° 2’N.|Dif. Lon, 1° {Lon, Chr. 33° 20’W. Bar. 29.80 
22° 30’W.JN.12° E.| 260 | 252 N.155_ E. 


Lat. Obs. 33. 1 N.} Lon. D.R. 33 1 W. D. R, sin. yest. 38° 18°W.|Ther. ‘(8° 


The Magnetic Variation has changed considerably since yesterday morning, at which time it was 
observed to be 14°. At 4 P. M. it had increased to 20°, and this morning it was found to be 85°. We 
therefore take the Mean of the two Variations last found, which is 22° 30’, or 2 points Westerly. as the 
proper V ariation to be allowed on the Courses steered. 

As the Ship’s position by Dead Reckoning agrees very nearly with that by observations to- -day, we there 

fore conclude that the Log is correct. 
_ At about 10 P. M. the “Altitude of the Planet Mars, observed to the Southw ard, gave the Latitude as 
Xbove, but the night being dark and the horizon doubtful, an Altitude of the Polar Siar was cbserved to 
the Northw ard, the Latitude by which differed 10’ from that by the Altitude of Mars, but the Mean of the 
‘two agrees nearly with that by Dead Reckoning. (See Remarks, page 110. ) 

The Moon being on the Meridian at 7h 40m, Apparent Time in the morning, her Meridiaa Altitude was 
observed, and at the same time Altitudes of the Sun were taken for the Chronometer, which gave the Lati- 
tude and Longitude of the Ship at that time, as above. 

The Longitude by Chronometer at Noon was found to-day by equal Altitudes of the San, and agrees 
with that brought up to Noon by the Dead Reckoning since the morning Sights were taken. The first equal 
Altitude was taken at 7 bells, and the time noted by Chronometer. The Index of the instrument was 
then screwed back 10’, equal to the Difference of Latitude made to the Northward in 1 hour, and when tle 
‘Sun’s Lower Limb fell to that Altitude, the Time by Chronometer was noted again. This method is fully 
explained in the Note at page 147. 

The Bearing and Distance of the adjacent Land, or that which the Ship is pproaching, is again noted at 
Noon to-day, The Island of Fayal bears N. E. ‘by N. True, or N. E. by. E.; by Compass (Variation 2 
points W.) Distant 400 miles* and the Island of Flores bears N. by E. } E. True, or N. KE. 3 N.3 by 
Compass Distant 404 miles. That i is, ? of a point on the Weather or Port bow of the Ship. These bear: 
ings are from the Chart, But if a Chart is not at hand, the Bearing and Distance of any of the Islands may 
he worked out by the Rules given in Case 2d, of Middle Latitude or Mercator Sailing. The Latitudes and 
i.onczitudes of the several Tilands are given in the Table of Positions at the end of the work 
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L. W. REMARKS, THURSDAY, MARCH 23p, 1854. 


H. K.jJ COURSES, WINDS. 


Oo | P.M. Fresh breeze and clear weather, 

4 People employed repairing sails, &e. 

N. Eby NJ N. W. 0 | Carpenter making a top-gallant studding-sail-boom. 
fi . “ | Several vessels in sight, bound West. 


N.E. [N.W. byW. 


“ 


“ 4“ “6 

4 at “| At Sunset the Long. by Chron, was 32° 52' W. 

1 . a ~“ ' The Dead Reck. at the same time 32 59 W. 

1 H ~~ « | Ampli. gave the Mag, Varia. 23° Westerly. 

l “ " “| ‘And an Altitude of % Sirius near the Mer. gave Lat ia 34° 4’ N. 

“ 4 * | The Dead Reckoning since Noon was..........00. 34 5 N. 

y 2 “ « «| 
9;  |N.N.E.}EIN. W.$ WJ 4! Midnight Cloudy weather. 
8 J] co) ot) “ | 
8 | 1 my | i es «| At2 A.M. Less wind and hazy weather. 
8 “ ity “ 
8 “ | a “ | At 4h, Mer. Alt, of ¥ Antares gave Lat. 35° 25’ N.) The Mean 
8 on s “ | and an Alt. of the Polar #* gave Lat. 35° 37’ t 3 3l' N, 
8 s z “| At Sunrise, Mag. Varia. Obs. 23° W. D. R. gave Lat. 35°34’ N. 
8 e i “ | Steady breeze and fine clear weather. 
8 “ " “| At 8h 40m. D's Mer, Alt. gave Lat. in 36° 5’ N.. D. R. 36° 9’ N. 
8 at ~ “| Sun's Alt. gave Long. Chron. 82° 8' W. The D. R. was 32° 29’ W. 
8 | . * “| Azimuth Obs. same time gave Mag. Varia. 23° W. 
8 “ “ “ | Watch on deck repairing sails, &e. 
8 23 . “| Noon, The Island of Flores (Azores) N. 10° E, (True) 182 miles. 


Current. to-day KE. by S. (True) 1 mile an hour. 
Lat. D. R. 36° 38'N.|Dif. Lon. 0° 58’ KE. Long. Chron. 31° 62’ W.| Bar, 29.80 
Lat. Obs. 86 383 N.) Lon. D.R. 82 13 W.|D.R. sin. yest. 32 22 W.|'Ther, 70° 


| Varvny Course |; Dist, 
2 pt. W. N. 12° 30’E| 223 


D, Lat.| Dep. 
217 Nj48’ KE 


The Magnetic Variation having continued the same throughout this day, that is 23° or 2 points Westerly, 
we allow that quantity on the Courses by Compass. 

The Ship’s position by observation being to the East of that by the Dead Reckoning, it is evident there 
must have been.a Current setting her in that direction. 

At Sunset the Longitude by Chronometer was observed as above, (see the Method of doing this at page 
128,) and which was 7’ of Longitude to the Eastward of that by Dead Reckoning since Noon; and at 8h 
40m A. M. the Longitude by Chronometer was 26’ to the Eastward of the Dead Reckoning since Noon. 

The Latitude observed by the Star Sirius at Sunset was 1' to the Southward of the Dead Reckoning ; 
and at 8h 40m A, M. the Meridian Altitude of the Moon gave the Latitude 4’ to the Southward of the 
Dead Reckoiing. Now, by the Method given at page 29yof finding the Current, we ascertain that in 15 
hours, that is, from Sunset until, say 9 o'clock next morning, the Current has set S. 79° E., E. by S. True, 
or S. E. by E. by the Compass, and the Drift 15 miles, or at the rate of 1 mile per hour. 

Equal Altitudes taken near Noon in the same manner as was done yesterday, corroborates the Long. in by 
Chrouometer at Noon as above. The whole Error in the Longitude, from Noon to Noon, caused by the Cur- 
rent. amounts to 30’ E., and the whole Error in the Latitude in like manner, amounts to 5'S. From this 
data we find, as before, that the Current has set E. by S. True, or S. E. by E. by Compass, 24 miles in 24 
fours, or at the rate of 1 mile per hour. 

This Current is supposed to be a continuation of the Gulf Stream, which, after pursuing its course along 
the Coast of America. branches off in the direction of the Azores Islands, and after striking the Coast of 
Atri¢a turns South, passing to the East of the Cape Verde Islands, it joins. the great Guinea Current on 
the S. W. Coast of Africa. (See the Remarks on Currents at page 39.) 

The Bearing and Distance of the [sle of Flores, at Noon to-day, is N. by E. nearly, or N. E. by N. by 
Compass, Distant 182 miles. And suppose it was required to shape a Course so as to keep the Isiand on 
the sume bearing, and allow for the effect. of the Current, we would proceed as follows: The Curren 
being found to run nearly at right anzles to the bearing of the Island, we take the Sum of the bearing N. 
10° I, and the Set of the Current S. 79° E.= 89° as a Course, and its rate 1 knot as a Distance gives the 
Departure 1’. the Ship’s rate of Sailing 8 knots, and Departure 1, gives the Course 7°, which subtracted 
from N.10° KE. gives the True Course N. 3° F.. and the Variation being allowed gives the Compass Course 
N N.E.3E. (See Method of doing this at page 30, Case 3d.) ‘ 


ie: JOURNAL. 201 


JOURNAL OF A VOYAGE 


From Santa Cruz, (Cape Verdes,) towards St. John’s, Newfoundland. x 
9 


ie 4 REMARKS, FRIDAY, MARCH 24TH, 1854. 


H. 4 K. Xu. K. | COURSES. WINDS. 
po) Seeterorir. aia eS ee 
I 8 N.by E.fE)N.W.byW.| 4] P.M. Steady breeze and fine clear weather. 
a ae ; *s Employed as yesterday. 
3 8 7 " 
4] 8 | rs * At4h, Longitude in by Chronometer 31° 45’ W. Dead Reck. 
5] 8 7 ic 31° 50’ W. An Azinuth Obs. same time gave the Var, 23° W., 
6| 8t ‘ 3 and at Sunset an Amplitude gave the Var, 23° 30' W. 
71: 8 ° 4 At 7h, Obs. Mer. Alt. # Castor, Lat. in 37° 28'N,, D. R. 37° 29° N. 
8]. 8. : ‘ Obs. Alt. of the’Polar %. Lat. in 87° 28’ N. 
9 8 “« “ : 
10} 8 . i At 10h, sky overcast, with rain. Handed the staysails, royals, and 
11} 8 ys - flying-jib. 
12 8; 1 as . Midnight. Squally, with showers of rain. 
1 rd. l “ “ 
2| 8 ; At2 A. M, weather cleared up. Set the light sails again. 
SP iaets | vit t 4 . 
4] 8 1 & . 1 | At 4h 9m, Obs. M. Alt. ¥ Antares. Lat. 38°35’ N. Mean 38° 38' N. 
5| 8 ¢ s Obs. Alt. of the Polar #*. Lat. 88°41’ N. D.R. 38° 41’ N. 
6; 8 N.N.E:2E.) N.W.4 WJ 4] At Sunrise, Mag. Varia. Obs. 23° W., and the Long. in by Chron. 
% ke 8 ie " same time was 31° 20’ W. D. Reckon. 31° 42’ W. 
8} 8 # x At 8h, Long. in by Chron. 31° 12’ W., and at the same time 
9] 6 by E. E/N. W.byW) 4 the Isle of Flores was seen bearing N. 23° E distant 24 miles. 
1107 6 cs ou | Took Sights to verify the rate of the Chronometer. 
Led... 6 4 ‘ Noon. Light winds and fine. The North end of the Isle of Flores 
12 6 


4 " bore W. N. W. by Compass, distant 7 miles. 
Current E. by S. (true,) 1 mile an hour 

Dif. Long. 0° 18’ E.|Long. Chro. 31° 4’ W.!Bar. 29.50 

Lon. D. R. 81 55 W.|D.R.sin.yest. 81 34 W.|Ther. 69° 


Dist. 
184 


Lat. D. R. 39° 36’ N. 
Lat. Obs. 39 31 N. 


Varia. | Course. 


D. Lat.| Dep. 
23° W.'N. 4° 30’ E. 


183 N14 E. 


The Course was shaped, or rather the Ship lay up, N. by E. # E., and allowing } a point of Leeway, 
she made good the Course N.N. E. $ E., as computed at the end of the last day’s “work, in order to coun- 
teract the effect of the current and to keep the Island on the same bearing; and had sho been continued 
on that Course until Noon, she would have closed with the Island on the above bearing. But between 
the hours of 5 and 8 A. M. she was kept off 1 point, so as to be on its Meridian at 8 o'clock, with the view 
of verifying the Chronometer when the Island was seen. At 8 A.M. the [sland was seen accordingly 
bearing N. 23° E., distant 24 miles, and which placed the Ship exactly on its. Meridian ; sights for Chro 
nometer being then taken, in the manner as recommended at page 155 for rating the Chronometer.  [1. 
this case, the error of the Chronometer on Greenwich Mean Time was found to be 0h 10m 59s. Its error 
on leaving the Cape Verdes, 8 days ago, was 0h 10m 39s. ; consequently it has gained 20 sec. in 8 days, 
and its daily rate, 2 sec. 5-10th gaining, (its previous rate,) confirmed. 

From the above method of allowing for Currents, it will be perceived that if the Set and Drift of a 
Current be known, it is easy to compute beforehand the precise effect it will have on the Ship’s Course, 
according to her rate of sailing, so that the land may be made on any given bearing. But it must be 
remembered, that if her rate of sailing changes, the Course must again be computed to this change. 

As before ‘observed, the Ship had been kept off 1 point for three hours, with the view of placing her on 
the Meridian of the Island, in consequence of which she did not fetch it in, but was on its parallel of Lat- 
ttude at Noon, and she passed 7 miles to the Eastward of its Meridian. 

In working up the above day’s work, 23° of Variation is allowed on all the Courses, after being corrected 
for Leeway, ‘and which being entered in the Traverse Table, together with the true Set and Drift of the 
Current. that is, E. by S. 1 ‘knot an hour, the Dead Reckoning and the Observations taken at various 
times during the day, will be found to agree, as also the Dead Reckoning and the Observations at Noon. 

The Longitude by Dead Reckoning, carried on from day to day since Jeaving the Cape Verdes, is found 
to be in error 51’ too far Westerly. “Consequently a fresh Departure is taken to-day at Noon, from the 
North end of the ':'and of Flores, bearing W. N. W., distant 7 miles, the position of which is Latitude 
39° 22’ N., Longitude 31° 12’ W. 


~ 
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JOURNAL OF A VOYAGE. 


* 


The Clipper Ship Dauntless, W. Griffen, Commander. 


L. W. REMARKS, SATURDAY, MARCH 25TH, 1854. . 


WINDS. 


COURSES. 


Ne 


1} 5 N. by E. IN. W. byW| 4 | Took a fresh Departure at Noon yesterday, from the N. end of the 
9 5 Me Isle of Flores bearing W. N, W. by Compass, distant 7 miles. 
3 3 “ At 3 P. M,, light winds, inelining to calm. 
me oy - The Isles of Flores and Corva in sight to the S. W., 12 miles. 
5° . At 5h, calm. Heavy threatening clouds rising in the South, indi- } 
6 ot eating a storm. Baro. fallen to 29.20. 
7 Cialm - Handed all the light sails, sent down the royal yards, and made all 
8 : snug for a gale, Mag. Varia. Obs. 25° W. 
) “ At 9h, a breeze sprung up from the Southward, with rain, which 
10} 5 N.W.3N rapidly increased to a gale of wind. 
11 | 16 y At 11h, in top-gallant-sails and double-reefed the topsails. 
12 | 15 a At Midnight, handed the S. M. sail and spanker. 
1 | 15 ‘ 
aah is ~ At 2 A.M., gale increasing and a heavy sea running. 
3] 16 i" 
4 | 16 * At 4h, close-reefed the topsails and foresail and furled the mizzen 
5) 15 “f topsail. 
6 | 15 " Passed several vessels lying to. 
7} 15 " 
8 | 15 7 At8 A.M, blowing excessively hard, and thick with heavy rain. | 
9} 15 * Vessel shipping much water on deck. , 
10 | 15 i Pumps carefully attended. 


Rigged in the flying-jib-boom. 
Noon. Do. weather. Sun obscure. 
| Bearing and Distance of St. John’s, N. 63° W., (true,) 830 miles, 


Lat. D. R.41° 19’ N| Dif. Long. 4° 0’ W.: Lon. Chro. “ « 4 Bare 20.40 
Lat, Oba sta Lon. D.R.385 12 W.!D.R. sin. yest. 35° 12’w] Therm, 65° 


Dist. |D. Lat 
213 1108 N. 


Dep. 
184 W 


Varia. | Course. 
{24 pt. WIN. 60° W 


No Observations have been obtained to-day, except at Sunset, when an Amplitude gave the Magnetic 
variation 25°, or 24 points Westerly. 

lu working up this day’s work, we allow for the Set of the Current E. by S. (true) 1 knot an hour, from 
Noon antil 9 P. M., at which time the wind came out from the Southward, and increased into a gale; 
consequently, the Ship would soon run to the North Westward, where she would be out of its influence. 

There is reason to apprehend that the Ship has been run off to the Northward of her Course to-day, as 
the Sea broke heavily on the weather quarter; and also from the fault of the helmsman hanging on his 
weather helm when the Ship was on the top of a Sea, thereby causing her to yaw off. But as there is 
plenty of Sea-room, it is not deemed necessary to make any allowance for that in this day’s work. (See 

‘the emarks on this subject at page 190.) 

When the wind came fair last night the Course was shaped as above, from the position of the Ship at 
that time, in Latitude 39° 44’ N., and Longitude 30° 56’ W. Then a ruler placed over the Ship’s place 
on the Chart and over that of St. John’s, gives the True Course N. W. by W.# W., and allowing 2} points 
Variation to the right, gives the Compass Course required to steer N. W.4N., and the Distauce 1050 
miles; or the same may be found by Case 2d, in Middle Latitude or Mercator’s Sailings. In this case, 
the Latitude in at 9 P. M. being 39° 44’ N., and Longitude 30° 56’ W. 

In the Table of Positions is found St. John’s, Latitude 47° 34’ N., Longitude 52° 45’ W. This gives the 
True Bearing N. 64 W., or N. W. by W. % W., nearly, and the Distance 1050, same as the Chart. 

In like manner, the Bearing and Distance is found to-day at Noon to be N. 63° W., or N. W. by W.2 W., 
nearly, by Compass, Distance 830 miles. 
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JOURNAL OF A VOYAGE 
From Sarta Cruz, (Cape Verdes,) towards St. John’s, Newfoundland. 


H. | K. |. K.| COURSES. WINDS. |L.W. REMARKS, SUNDAY, MARCH 26TH, 1854. 


| 
| 
| 


1}15| 1/|N.W.$N.| S. by W. P.M. Heavy Southerly gale and a high topping sea running. 
2 15 1 “ a 
3 15 1 “ “ 
4/15] 1 . 8S. W. by 8. At 4h, more moderate ; wind inclining to Westerly. 
5|16|; 1 a 4 Set the reefed S. M. sail and mizen topsail. 
6 16 1 “ “ 
T 16 “ “ 
8 | 16 “ in At 8h, the rain ceased, and the weather made an attempt to clear up. 
9 i 6 “ “ 
10 | 16 “ . At 9h 40m Mer. Alt. 3% Regulus. Lat. in 42° 59’ N. ) Mean 48° 5/N. 
11 | 16 ¢ ‘ Same time the Alt. of Pole #. Lat.in 48°11’ N. { D.R. 42° 25'N. 
12 | 16 - 3 Midnight. Blowing hard; vessel shipping much water on deck ; 
rs i. pumps carefully attended every 4 hours. 
9 16 i “ “ 
8 16 “ “ 
4116 ; At 4 A.M. Mer, Alt. #% Antares. Lat. in 43° 46’ N. ) Mean 43° 53’N. 
5 | 16 e : Same time the Alt. of Polar %*. Lat.in44° 0’N. tO R.48° 8°N. 
PaviG * : At 6h, gale moderating and the sea falling. Out close reefs of the 
7 | 16 s os topsails and set the jib. 
8] 15 ™ Yr At 8h, obs. an Alt. of the Sun. Long. in by Chron, 41° 12’ W. 
9] 15 = ” Weather set in thick again, with mizzling rain. 
10 | 15 % 24 The temperature of the Sea-water at Noon was found to be the 
11 | 15 : " same as that of the air, 55°. 
12 | 15 7 Y Noon. Do. weather. Sun obscure. 


| 
| | True bearing of St. John’s, N. 69° W. Distance 468 miles. 


a 


Variation Dist. | D. Lat.| Dep. |Lat. D.R. 44° 1’N|Dif. Lon. 7° 46’W.|Lon. Chr. 42° 977W. Bar. 29.05. 
24 pts. W. N. 65°W 378 | 162 N.!342W.! Lat. Obs. 44 46 N.|Lon. D.R.42 58W.!D. R. sin. yest. 42° 58’ wit her, 55° 


The Variation allowed on this day’s work is 24 points Westerly. 

At 9h 40m P. M., the Meridian Altitude of the Star Regulus was observed to the Southward, and at 
the same time an Altitude of the Polar Star was observed to the Northward. The Mean of the two Lati- 
tudes so fourd, compared with that by the Dead Reckoning, places the Ship 40’ to the Northward of the 
Dead Reckoning 

And at 4 A. M., the Meridian Allitude of Antares was observed to the Southward, at the same time the 
Altitude of the Pole Star was observed to the Northward. The Mean of the two Latitudes places the 
Ship 45’ to the Northward of the Dead Reckoning. These Observations may not be very accurate. on 
account of the obscurity of the horizon and the heavy sea running, together with the difficulty of making 
the Observations, but are sufficiently near to act as a warning that the Dead Reekoning is in error, and by 
taking Stars North and South of the Meridian the errors in the Observation. are very much diminished. 
For instance, the Difference in the two Latitudes given by Altitudes of Antares and the Pole Star is 14’, 
nut the Mean of the two Latitudes is taken. 

The Sun’s Altitude was also obtained about 8 o'clock in the morning, and by using the corrected Lati- 
tude in finding the Time, we get the Longitude by Chronometer as above and which places the Ship 33’ 
of Longitude to the Eastward of the Dead Reckoning. These errors in the Latitude and Longitude so 
found, shows that the Ship’s Course made good is about 1 point further to the Northward than the Course 
by Compass makes her; she has, therefore, been run off. 

The Barometer having fallen to 29.5. and the weather at Noon assumed a very threatening appearance, 
we may look for a continuance of the gale, 

The Ship is now approaching the Eastern edge of the Polar Current, in which we may expect to find 
large masses of Ice, brought down by it from the “Polar regions, Ona Ship entering this current the temper- 
ature of ihe Sea w ater will be found to fall about 20°, and may be easily asecrtained by drawing a bucket 
of water from alongside and plunging the Thermometer into it. (See the Remarks on Currents and the 
Use of the Thermometer, at page 82.) 

The position of the Ship by Observation being laid off on the Chart, the bearing of St. John’s is found 
to be W. by N.2N.; 22 points Variation allowed on that gives the ~earing by Compass N. W., Distance 
468 miles. j 
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JOURNAL OF A VOYAGE. 


The Clippér Ship Dauntless, W. Griffen, Commander. 


H. K.| COURSES. WINDS. L. W. REMARKS, MONDAY, MARCH 27TH, 1854. 


| | | 


a ee On TD 


1 | 16 1 |N.N.W4W.!| South. At 1 P.M, temperature of the Sea-water 50°, Air 52°. 
00 ba te « “ | Wind backed into the Southward, and the gale increased. 
3117 “ “ At lh 30m, temperature of the Sea-water 40°, Air 42°, 
4 {17 - ‘ At 4h, it fell to 35°. Ship was then in the strength of the 
Po Bh be «“ «“ Polar Current j 
6 | 17 ; « At 6h, blowing excessively hard. Close-reefed the topsails and 
eae OO a rs Y handed the courses and jib. 
oa BAY Pg £ a At 8h, the temperature fell to 33° ‘in the water, and at the same 
9 | 10 4 3 time an Iceberg was seen ahead of the Ship. Hauled up and } 
104.10 6 ss passed to windward of it. 
Li eS “ “ At 11h, furled the mizen topsail. 
19.008 | a “ 4 Midnight. Ship running under easy sail, and a bright lookout 
Py deel “ . kept for ice. 
wae Noe ge eye a s At 2 A.M.,, passed another large berg. 
ESD AEE Poul “ «“ 
Bea! 8 1 “ oe At 4h, weather more clear. Set the reefed foresail. 
66512 1 - 
6 | -16 «“ « At 6h, out close reefs and set the reefed mainsail, jib and mizen- 
7116 e «“ topsail, 
8716 s “ Ship passing a great many Icebergs. 
9 16 “ ce 
Kae ao « ‘“ Noon. Thick fog and heavy rain. Close-reefed the topsails and 
TL tH “ “ furled the courses. Passed several fields and detached pieces 
OL fie Be hd ; 8..S. W. of ice. 

Current South by Compass 14 knots. | St.John’s 8. 89° W.,, (true,) or W. N. W. by Comp., dist. 194 miles. 
Variation | Course | Dist.| D.Lat.| Dep. [{Lat. D.R.47° 87/N.|Dif. Lon. 5° 36’W.j Long. Chro.“ “ |Bay, 29.10 
2 pts. W.|N.54°W.] 290] 171 N. | 234 W. | Lat. OD see cel ee D.R.48 34 W.|D. BR. sinve yes- |Ther. 34° 

/ | iterday 48° 3’ W, 


The Magnetic Variation not having been observed to-day, it is taken from the Chart, which gives 2 
points Westerly. 

By the decrease in the temperature of the Sea-water, as noted above, the Ship evidently entered the 
Polar Current soon after mid-day, the Set of which is about South by the Compass, or S. S. E. (true,) and 
its Drift 14 knots an hour. It being desirable to get to the Northward of the Parallel of Latitude of St. 
John’s before the wind shifts to the Northward, a Course must be shaped for that purpose. By reference 
to the Ship’s place on the Chart, a N. W.  W. True Course, and Distance 300 miles, would place her to- 
morrow at Noon near the Eastern edge of the Great Bank, in the Parallel of Latitude required. But to 
make this Course good, we must allow for the Set and Drift of the Current as follows: The Set of the 
Current being nearly in a contrary direction to the required Course, we take their Difference, 2? points, as 
a Course, and the Drift, 14 knots, as a Distanee, which gives the Departure, 7-tenths. Then the average 
rate of sailing, say 13 knots an hour, (which the vessel is expected to make next 24 hours,) as a Distance, 
and with 7-tenths as a Departure, find the Course, 3°, or $ of a point, which subtracted from the given 
Course, N. W.  W., gives the required Course N.W.4 W.; the Variation, 2 points W., atlowed, gives the 
Compass Course required to steer N.N. W. 4+ W. (See the Rule in Current Sailing, page 30, Case 3d.) 

The Ship has passed many Icebergs to-day, and on her approach to them the Thermometer was fou=.. 
to fall to 32°, nearly, but rose 3° after having passed them. The Mean temperature of the Sea-water in 
the Polar Current appeared to be 35°. ‘ 

The wind having backed into the Southward again, an omen of bad weather, the sail on the Ship was re- 
duced to the close-reefed topsails before night-fall, and a vigilant lookout kept during the night for leebergs, 
as they can be seen at a considerable distance in dark weather, if a good lookout is kept for the glare or 
reflection, which is a peculiar kind of phosphorus light which surrounds them. 

At Noon, a dense fog with heavy rain came on, and as the Barometer is rising, it indicates a shift of 
wind to the Northward. It was, therefore, deemed prudent to put the Ship under low canvas, in case of 
a sudden shift; besides, according to the Dead Reckoning, she is to the Northward of the Parallel of 
Latitude of the intended port. 


ae Bearing of St. John’s at Noon to-day is S. 89° W., or W. N. W. by Compass, nearly, distant 194 
miles. 
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JOL..NAL OF A VOYAGE 


From Santa Cruz, (Cape Verdes,) towards St. John’s, Newfoundland. 


| g. | K. |H.K.| COURSES. WINDS. |L. W. REMARKS, TUESDAY, MARCH 28rH, 1854. 
Pel | N. W. by NJ W. 5S. W. P.M. Dense fog, with mizzling rain, Wind inclining to Wess- 
ie ae | 4 erly. No ice visible. 
oo a ae | « : Bent the cables and got the anchors on the gunwale. 
4/10 1 ¥ s At 4h, sounded in 60 fathoms. Temperature of the Sea-water 34°, 
eae ae | . # Air 36°. 
Heme | 1 . 7 At 6h, blowing excessive hard and heavy sea on. 
7 2 Lying to. - Wore ship with her head to the Southward. Furled the fore and 
S|; 2 UpS.bW.| W.S. W.] 6 mizen topsails, and hove to under the main-topsail. 
) 2; .) OS. by E. a At 9h, less wind anda heavy fall of rain. ” 
i : WON Wl North. 6 | At ee the wind changed suddenly to the Northward, in a tro- 
nendous rain squall. 
i212 a : 4 | At Miduight, blowing hard, but the weather clearing up. 
1 2 r, . 2 | At 1 A.M.,, set the fure and mizen topsails, 
2] 5 v ie + | At 2h, set the reefed courses and spanker, . 
Be A n.w.byw.tw.| N. by E. At 3h, out double reefs and set top-gallant-sails and jib. 
4 {14 “ «“ At 4h, Mer, Alt. of 3 Antares. Lat. in 47°29’ ) Mean 47° 84’ N, 
5 | 15 * 3 Same time Alt. of Polar %&. Lat. in 47° 397 t D. R. 47° 86’ N. 
6 ; 15 3 « At Sunrise, Mag. Varia. Obs. was 23° Westerly. 
7 | 15 : 4 Out all reefs and checked in the weather braces. 
8 | 15 “4 “ At8 A. M, Long. in by Chron. 51°18’ W. D.R. 50° 58’ W. 
9 | 15 e £ St. John’s harbor bears W. N. W. by Compass, distant 60 miles. 
10 | 15 | « a“ At 10h, the land was seen in that direction, ' 
ee ee D ‘ At 11h, made out Signal Hill, bearing W. N. W., distant 5 leagues, 
12 | 15 | a y Noon. Ship close in with Fort Amherst. Received on board a 
Current South by Compass 14 knots. | Pilot, and proceeded into port. 
Vari’n| Course |Dist.|D. Lat.| Dep. |Lat. D. R.47° 34'N|Dif. Lon. 4° 25’ | Long. Chron. 62° 48’ W.| Bar.28.90 
2pt.W.| S.89° W177] 3’ S. |177 W.|Lat. Obs. 47 34 N.J Lon. D.R.52 59 W.|D.R.sin. yest.52 28 W.I Ther. 45° 


At 1 P.M. came to with the small bower anchor in 8 fathoms water, abreast of the town of St. John's. Furled 
sail8 and moored ship, with 45 fathoms cakle on each bower anchor, and sent down top-gallant yards. Midnight, 
Heavy rain squalls from the N. W. This day’s work ends with and contains 36 hours, in order to commence the’ 
Harbor Log. 


On referring to the above Log, it will be noticed that the Ship ran to the N. W. by N. until 4 P. M., 
when soundings were obtained in 60 fathoms water, on the North Eastern edge of the Great Bank of New- 
foundland, and at 6 P. M. she was wore round with her head to the Southward, and hove to under the 
close-reefed main-topsail for the night, on account of the dense fog which prevailed, in case of meeting 
with ice; and also with the view of being on the proper tack should a sudden shift of wind from the 
Northward take place during the night time. 

At 9 P. M. the gale began to moderate, and heavy showers of rain fell, the usual precursor of a vivlent 
_ and sudden shift of wind. The Barometer now began to rise rapidly, and at 10, a squall from the North- 
ward struck the Ship, and blew with great fury for about two hours, and she luffed up to the wind on the 
same tack, and sail was made as the wind moderated. 

The sky having now cleared up, the opportunity was taken of finding the Latitude by Observation at 4 
A. M., from the Meridian Altitude of Antares to the Southward, and the Altitude of the Polar Star to the 
Northward. The Mean of the two Latitudes so found agrees with that by Dead Reckoning, and places 
ine Ship in the parallel of Latitude of the intended port, 47° 34’ N.; consequently, it bears W. N. W. by 
Compass, but we must steer 4 a point more to the Northward, in order to make the necessary allowance: 
for Leeway and Currents. 

At Sunrise, the Magnetic Variation was observed to be. 23° W., and at 8 A. M. the Longitude by Chro- 
nometer, as above, is found to be 20’ to the Westward of that by Dead Reckoning since last Observation, 
and by a case of Parallel Sailing, or by the Chart, St. John’s is found tc bear true West, or W. N. W. by 
Compass, distant 60 miles. , 

At 10 A. M., High Land was discovered ahead, and at 11 the buildings on Signal Hill, and Fort 
Amherst, at the entrance of St. John’s Harbor, were distinctly made cut, and at Noon she closed with the 
entrance of the Harbor, and took a Pilot on board. Thus making the Passege from Port to Port in 19: 
jays 6 hours, and sailed a distance of 2977 miles. 

In working up this day’s work, the allowance for the Set and Drift cf the Current, as above, (S. 8. E. 
srue, 36 miles in 24 hours,) must be inserted in the Traverse Table, aloug with the other Courses anc 
Distances, and the result of the day’s work will be found as above. 
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TABLE L—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 3? POINT. 


North + East. 


02.0 
03.0 
04.0 
05.0 
06.0 
07.0 
08.0 
09.0 
10.0 


11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
5 | 26.0 
27.0 
28.0 


10 


29,0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
7137.0 
38.0 
39.0 
40.0 


‘ ey er 


41.0 
41.9 
42.9 
43.9 
44.9 
45.9 
46.9 
47.9 
438.9 
49.9 


51 | 50.9 | 02. 


51.9 
52.9 
33.9 
54.9 
55.9 
56.9 
57.9 
58.9 
59.9 


1 
North } West. South ¢ East. South + West. 
Lat. | Dep. a Lat. | Dep. | Dist.| Lat. | Dep. 
60.9 | 03.0 120.9 | 05.9] 181 ' 180.8 | 08.9 | 241 | 240.7 | 11.8 
61.9 | 03.0 | 122 | 121.9 | 06.0 | 182 | 181.8 | 08.9 | 242 | 241.7] 11.9 
62.9 | 03.1 | 123 | 122.9 | 06.0 | 183 | 182.8 | 09.0 | 243 | 242.7 | 11.9 
63.9 | 03.1 | 124 | 123.9 | 06.1 | 184} 183.8 | 09.0 | 244 | 243.7 | 12.0 
64.9 | 03.2] 125 | 124.8 | 06.1] 185 | 184.8 | 09.1 | 245 | 244.7 | 12.0 
65.9 | 03.2] 126 | 125.8 | 06.2] 186 | 185.8 | 09.1 | 246 | 245.7 | 12.1 
66.9 | 03.3 | 127 | 126.8 | 06.2] 187 | 186.8 | 09.2 | 247 | 246.7 | 12.1 
67.9 | 03.3 | 128 | 127.8 | 06.3] 188 | 187.8 | 09.2 | 248 | 247.7 | 12.2 
68.9 | 03.4] 129 | 128.8 | 06.3 | 189 | 188.8 | 09.3 | 249 | 248.7] 12.2 
69.9 | 03.4] 130 | 129.8 | 06.4] 190 | 189.8 | 09.3 | 250 | 249.7 | 12.3 
70.9 | 03.5 1380.8 | 06.4 190.8 | 09.4 | 251 | 250.7 | 12.3 
71.9} 03.5 131.8 | 06.5 191.8 | 09.4 | 252 | 251.7 | 12.4 
72.91 03.6 132.8 | 06.5 192.8 | 09.5 | 258 | 252.7 | 12.4 
13.9 | 03.6 133.8 | 06.6 198 8 | 09.5 | 254 | 253.7 | 12.5 
74.9 | 03.7 134.8 | 06.6 194.8 | 09.6 | 255 | 254.'7 | 12.5 
75.9 | 03.7 135.8 | 06.7 195.8 | 09.6 | 256 | 255.7 | 12.6 
76.9 | 03.8 136.8 | 06.7 196.8 | 0Y.7 | 257 | 256.7! 12.6 
77.9| 03.8 137.8 | 06.8 197.8 | 09.7 | 258 | 257.7 | 12.7 
78.9 | 03.9 138.8 | 06.8 198.8 | 09.8 | 259 | 258.7 | 12.7 
79.9| 038.9 139.8 | 06.9 199.8 | 09.8 | 260 | 259.7 | 12.8 
80.9 | 04.0 140.8 | 06.9 200.8 | 09.9 | 261 | 260.7 | 12.8 
81.9 | 04.0 141.8 | 07.0 201.8 | 09.9 | 262 | 261.7 | 12.9 
2.9} 04.1 142.8 | 07.0 | 208 | 202.8 | 10.0 | 263 | 262.7 | 12.9 
83.9 | 04.1 148.8 | 07.1 208.8 | 10.0 | 264 | 263,7 , 13.0 
84.9 | 04.2 144.8 | 07.1 204.8 | 10.1 | 265 | 264.7 | 13.0 
85.9 | 04.2 145.8 | 07.2 205.8 | 10.1 | 266 | 265.7 113.1 
86.9 | 04.3 146.8 | 07.2 206.8 | 10.2 | 267 | 266.7 | 13.1 
87.9 | 04.3 147.8 | 07.3 207.7 | 10.2 | 268 | 267.7 | 13.2 
88.9 | 04.4 148.8 | 07.3 208.7 | 10.3 | 269 | 268.7 | 13.2 
$9.9 | 04.4 149.8 | 07.4 209.7 | 10.8 | 270 | 269.7 | 13.2 
90.9 | 04.5 150.8 | 07.4 210.7 10.4] 271 | 270.7 
91.9] 04.5 151.8 | 07.5 211.7 | 10.4] 272 | 271.7 
92.9 | 04.6 152.8 | 07.5 212.7] 10.5 | 278 | 272.7 
93.9 | 04.6 153.8 | 07.6 213.7 | 10.5 | 274 | 273.7 
94.9 | 04.7 154.8 | 07.6 214.7 , 10.5 | 275 | 274.7 
95.9 | 04.7 155.8 | 07.7 215.7 | 10.6 | 276 | 275.7 
96.9 | 04.8 156.8 | 07.7 216.7 | 10.6 | 277 | 276.7 
97.9 | 04.8 157.8 | 07.8 217.7 | 10.7 | 278 | 277.7 
98.9 | 04.9 158.8 | 07.8 218.7 | 10.7 | 279 | 278.7 
99.9 | 04.9 159.8 | 07.9 219.7 | 10.8 | 280 | 279.7 
100.9 | 05.0 160.8 | 07.9 220.7 | 10.8 | 281 | 280.7} 13.8 | 
101.9 | 05.0 161.8 | 07.9 221.7 | 10.9 | 282 | 281.7}13.8 | 
102.9} 05.1 162.8 | 08.0 222.7 | 10.9 | 283 | 282.7 | 13.9 
103.9 | 05.1 163.8 | 08.0 223.7 | 11.0 | 284 | 283.7 | 13.9 
104.9 | 05.5 164.8 | 08.1 224.7 | 11.0] 285 | 284.7 | 14.0 
)| 05 165.8 | 08.1 225.7 | 11.1] 286 | 285.7 | 14.0 
166.8 | 08.2 226.7 | 11.1 | 287 | 286.7 | 14.1 
167.8 | 08.2 227.7 | 11.2] 288 | 287.7 | 14.1 
168.8 | 08.3 228.7 | 11.2] 289 | 288.7 | 14.2 
169.8 | 08.3 229.7 | 11.8] 290 |} 289.7114.2 § 
170.8 | 08.4 230.7 | 11.3] 291 |290.6114.3 | 
171.8 | 08.4 231.7 | 11.4] 292 /291.6}14.3 | 
172.8 | 08.5 232.7 | 11.41.2938 | 292.6 | 14.4 
173.8 | 08.5 233.7 | 11.5 | 294 | 293.6 | 14.4 
175 | 174.8 ; 08.6 234.7 | 11.5} 295 | 294.6} 14.5 
176 | 175.8 ' 08.6 235.7 | 11.6 | 296 | 295.6 | 14.5 
177 | 176.8 | 08.7 236.7 | 11.6] 297 | 296.6 | 14.6 
178 | 177.8 | 08.7 237.7 | 11.7] 298 | 207.6 | 14.6 
179 | 178.8 | 08.8 238.7 | 11.7] 299 | 298.6 | 14.7 
180 | 179.8 | 08.8 239.7 | 11.8] 300 | 299.6 | 14.7 
Dist.| Dep. | Lat. | Dist.; Dep. | Lat. Dist. | Dep. |} Lat. 
ek a EeNorth. . Kast Sonth. [For 7% Pts] West + North. West ry South. 


East $ North. 


1 


wero: Kites = 


2 ‘TABLE L_DIFFERENCE OF LATITUDE AND DEPARTURE FOR } POINT. 


North + East. 


Dist.| Lat. | Dep. | Dist} Lat. 
1/ 01.0} 00.1 60.7 
2 | 02.0 | 00.2 61.7 
3 | 03.0 | 00.3 62.7 
4 | 04.0 | 00.4 63.7 
5 | 05.0 | 00.5 64.7 
6 | 06.0 | 00.6 65.7 
7 | 07.0 | 00.7 66.7 
8 | 08.0 | 00.8 67.7 
9 | 09.0 | 00.9 638.7 

10} 10.0} 01.0 69.7 
11] 10.9] 01.1 70.7 
12; 11.9| 01.2 faiy) 
13 | 12.9} 01.3 72.6 
13.9 | 01.4 73.6 
14.9} 01.5 74.6 
15.9] 01.6 73.6 
16.9 | O1.7 76.6 
17.9 | 01.8 77.6 
18.9} 01.9 78.6 
79.6 


20.9 | 02.1 80.6 
21.9 | 02.2 81.6 
22.9 | 02.3 82.6 
23.9 | 02.4 83. 
24.9 | 02.5 84.6 
5 | 25.9 | 02.5 85.6 
26.9 | 02.6 86.6 
27.9 | 02.7 87.6 
28.9 | 02.8 88.6 
29.9 | 02.9 89.6 


30.9 | 03.0 90.6 
51.8} 035.1 91.6 
32.8 | 03.2 92.6 
33.8 | 03.3 93.5 
34.8 | 05. 94.5 
35.8 | 03.5 95.5 
36.8 | 03.6 96.5 
37.8 | 03.7 97.5 
3. 98.5 

99.5 


40.8 | 04.0 
41.8 | 04.1 
42.8 | 04.2 
43.8 | 04.3 


45 | 44.8 | 04.4 104.5 
46 | 45.8 | 04.5 105.5 
| 47 | 46.8 | 04.6 106.5 
1 48 | 47.8 | 04.7 107.5 
49 | 48.8 | 04.8 108.6 
50 | 49.8 | 04.9 109.5 
51 | 50.8 | 05.0 110.5 
52] 51.7 | 05.1 111.5 
53 | 52.7 | 05.2 112.5 
94 | 53.7 | 05.3 113.5 
55 | 54.7 | 05.4 114.4 
56 | 55.7 | 05.5 115.4 
57 | 56.7 | 05.6 116.4 
58 | 57.7 | 05.7 117.4 
59 | 58.7 | 05.8 118.4 
60 | 59.7 | 05.9 119.4 
Dist.} Dep.| Lat. Dep. 


East North. 


East $ South. 


— 


“North 4 West. 


121 
122 
1235 
124 
125 
126 
127 
128 
129 
130 


131 
132 
135 
134 
135 
136 
137 
138 
139 
140 


]41 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 


61158 


159 
160 
161 
162 
163 
164 
165 
166 
167 


61168 


169 
170 


171 
172 
173 
174 
175 
176 
L77 
178 
179 


180 


Dist. | Dep. ‘Lat. 
|For 7} Pts.] 


Dist.| Dep. 


West 4+ North. 


SSS, eee) eee | ee) ee ee eee eee ee) eee 


South $ East. South $+ West. 

Dep. Dist. _ Lat. Dep. | Dist.| Lat. _Dep. _ Lat. Dep. 
120.4 | 11.9] 181 | 180.1 | 17.7 | 241 | 239.8 | 23.6 
121.4 | 12.0] 182] 181.1 | 17.8 | 242 | 240.8 | 23.7 
122.41 12.11 183 | 182.1] 17.9 3.8 
128.4 | 12.2| 184] 183.1 | 18.0 23.9 
124.4] 12.3] 185 | 184.1] 18.1 24.0 
125.4! 12.4} 186 | 185.1] 18.2 24.1 
126.4 12.4] 187 | 186.1] 18.3 24.2 
127.4 12.5]188 | 187.1 24.3 
128.4 12.6] 189 | 188.1 24.4 
129.4 | 12.7] 190] 189.1 24.5 
130.4] 12.8]191 {190.1 24.6 
131.4 | 12.9]192]191.1 24.7 
132.4 | 13.0] 193 | 192.1 24.8 
133.4] 18.1] 194] 193.1 24.9 
134.3 | 13.2] 195 | 194.1 25.0 
135.8 | 13.3] 196 | 195.1 |. 25.1 
136.3 | 13.4] 197 | 196.1 25.2 
137.3 | 13.5] 198 | 197.0 25.3 
138.3 | 13.6} 199 | 198.0 25.4 
139.3 | 13.7 | 200 | 199.0 25.5 
140.3 | 13.8 | 201 | 200.0 25.6 
141.3 | 13.9 |] 202 | 201.0 25.7 
142.3 | 14.0 | 203 | 202.0 25.8 
143.3 | 14.1 | 204 | 203.0 25.9 
144.3 | 14.2 | 205 | 204.0 26.0 
145.3 | 14.3 | 206 | 205.0 26.1 
146.3 | 14.4 | 207 | 206.0 26.2 
147.3 | 14.5 | 208 | 207.0 'QER 
148.3 | 14.6 | 209 | 208.0] 2 26.4 
149.3 | 14.'7] 210 | 209.0] 2 26.5 
150.3 | 14.8 | 211 | 210.0 26.6 
151.3 | 14.9 | 212 | 211.0 26.7 
152.3 | 15.0 | 213 | 212.0 26.8 
153.3 | 15.1 | 214 | 213.0 26.9 
154.3 | 15.2] 215 | 214.0 27.0 
155.2] 15.3 | 216 | 215.0 27.1 
156.2 | 15.4 | 217 | 216.0 27.2 
157.2 | 15.5] 218 | 217.0 27.2 
158.2 | 15.6 | 219 | 217.9 27.3 
159.2] 15. 27.4 
160.2 | 15.8 | 221 | 219.9 }| 27.5 
161.2 | 15.9 | 222 | 220.9 27.6 
162.2 | 16.0 | 223 | 221.9 6! 27.7 
163.2 | 16.1 | 224 | 222.9 282.6 | 27.8 
164.2 | 16.2 | 225 | 223.9 27.9 
165.2 | 16.3 | 226 | 224.9 28.0 
166.2 | 16.4 | 227 | 225.9 | § 28.1 
167.2 | 16.5 | 228 | 226.9 28.2 
168.2 | 16.6 | 229 | 227.9 28.3 
169.2 | 16.'7 | 230 | 228.9 28.4 
170.2 | 16.8 | 231 | 229.9 28.5 
171.2 | 16.9 | 232 | 230.9 28.6 
172.2 | 17.0 | 233 | 231.9 28.7 
173.2 | 17.1 | 234 | 232.9 28.8 
174.2 | 17.2 | 235 | 233.9 28.9 
175.2 | 17.3 | 236 | 234.9 29.0 
176.1 | 17.3 | 237 | 235.9 29.1 
177.1 | 17.4] 238 | 236.9 29.2 
178.1 | 17.5 | 239 | 237.8 29.3 
179.1 | 17.6 | 240 | 238.8 29.4 


West } South. 


at Ane - + 


TABLE L—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 3? POINT. 


3 
North % East. North 2 West. South £ Kast. South = West. 
.| Lat: | Dep. Lat. | Dep. | Dist.) Lat. ! Dep. 
i} 119.7} 17.8 179.0 | 26.6 | 241 | 238.4 | 35.4 | 
2 120.7 | 17.9 180.0 | 26.7 | 242.: 239.4 | 35.5 
3 121.7} 18.0 181.0 | 26.9 243 | 240.4 30.7 
ac 122.71 18.2 182.0 | 27.0 | 244 241.4] 35.8 
5 123.6 | 18.3 183.0 | 27.1 | 245 | 242.3 | 35.9 
6 124.6 | 18.5 184.0 | 27.3 | 246 | 2438.3 | 36.1 
a 125.6 | 18.6 185.0 | 27.4 | 247 | 244.3 | 86.2 
8 126.6 | 18.8] 188 | 186.0 | 27.6 | 248 | 245.3 | 36.4 | 
9 127.6 | 18.9 187.0 | 27.7 | 249 | 246.3 | 36.5 
128.6 | 19.1 | 187.9 | 27.9 | 250 | 247.3 | 36.7 
129.6}19.21191 | 188.9 | 28.0 | 251 | 24.3 | 86.8 
130.6 | 19.4 189.9 | 28.2 | 252 | 249.3 | 37.0 
131.6.) 19.5 190.9 | 28.3 | 258 | 250.3 | 37.1 
182.5 | 19.7 191.9 | 28.5 | 254 | 251.3 | 87.3 
133.5 | 19.8 192.9 | 28.6 | 255 | 252.2 | 37.4 
134.5 | 20.0 > | 193.9 | 28.8 | 254 | 253.2 | 87.6 
135.5 | 20.1 194.9 | 28.9 | 257 | 254.2 | 37.7 
186.5 | 20.2 195.9 | 29.1 | 258 | 255.2 | 37.9 
137.5 | 20.4 196.8 | 29.2 | 259 | 256.2 | 88.0 
138.5 | 20.5 197.8 | 29.38 | 260 | 257.2 | 38.1 
159.5 | 20.7 198.8 | 5 258.2 |38.3 | 
140.5 | 20.8 199.8 259.2 | 38.4 
141.5 | 21.0 200.8 260.2 | 388.6 | 
142.4 | 21.1 201.8 261.1/38.7 | 
143.4 | 21.3 202.8 262.1138.9 | 
144.4 | 21.4 203.8 263, 1e30,0% | 
145.4 | 21.6 204.8 264.1 ; 39.2 
146.4 | 21.7 205.7 265.1 | 39.3 
147.4 | 21.9 206.7 266.1 | 39.5 
148.4 | 22.0 207.7 | 267.1 39.6 
149.4 | 22.2| 211 | 208.7 ' 31.0] 271 | 268.1 39.8 
150.4 | 22.3 209.7 | 31.1 269.1 | 39.9 
151.3 | 22.4 210.7 | 31.3 270.0 | 40.1 
152.3 | 22.6 211.7) 31.4 271.0 | 40.2 
153.3 | 22.7 212.7|31.5 272.0 | 40.4 
154.3 | 22.9 |5 213.7 | 31.7 273.0 | 40.5 
). 155.3 | 23.0 214.7} 31.8 274.0 | 40.6 
96.9 ! 58 | 156.3 | 23.2 215.6 | 32.0 275.0 | 40.8 
97.9 14.5 | 159 | 157.3 | 23.3 216.6 | 32.1 276.0 | 40.9 
98.9: 14.7] 160 | 158.3 | 23.5 | * 217.6 | 32.3 277.0 | 41.1 
99.9: 14.8] 161 | 159.3 | 23.6 | 221 | 218.6 | 32.4 278.0 | 41.2 
100.9 15.0] 162 | 160.2 | 23.8 219.6 | 32.6 278.9 | 41.4 
101.9] 15.1 163 | 161.2 | 23,9 | 223 | 220.6 | 82.7] 283 279.9 | 41.5 
102.9 | 15.3 | 164 | 162.2 | 24.1 221.6 | 82.9 280.9 | 41.7 
103.9 35 | 163.2 | 24.2 222.6 | 33.0 281.9 | 41.8 
164.2 | 24.4 | 2: 223.6 | 33.2 ) | 282.9 | 42.0 
165.2 | 24.5 | 227 | 224.5 | 33.3 283.9 , 42.1 
j8.| 166.2 | 24.7 225.5 | 33.5 284.9 | 42.8 
167.2 | 24.8 226.5 | 33.6 285.9 | 42.4 
168.2 | 24.9 227.5 | 33.7] 2 286.9 | 42.6 
169.1 | 25.1 228.5 | 33.9 | 291 | 287.9 | 42.7 | 
170.1 | 25.2 229.5 | 34.0 | 292 | 288.8 | 42.8 
L71.1 | 25.4 230.5 | 34.2 | 293 | 289.8 | 43.0 
172.1 | 25.5 231.5 | 34.3 | 294 ! 290.8 ' 43.3 
173.1 | 25.7 232.5 | 34.5 | 295 | 291.8 | 48.3 
174.1 | 25.8 233.4 | 34.6 | 296 | 292.8 | 438.4 
175.1 | 26.0 234.4 | 54.8 | 297 | 293.8 | 43.6 
176.1 | 26.1 235.4 | 384.9 | 298 | 294.8 | 43.7 
177.1 | 26.5 236.4 | 35.1 299 | 295.8 | 43.9 
178.1 | 26.4 237.4 | 35.2] 300 ; 296.8 44.0 § 
Dep. | Lat. | Dist.| Dep. | Lat. | Dist.| Dep. | Lat. 
For Uf: Pts, _ West? North. West $ South. 


East 3 North. 


TABLE L_DIFFERENCE OF LATITUDE AND DEPARTURE FOR 1 POINT. ; 


North }. East. ° 


pO eee I OOS J | I 


Dist.| Lat. | Dep.| Dist.| Lat. 
01.0/00.2} 61} 59.8 
02.0/00.4| 62] 60.8; 12. 
02.9/00.6] 63] 61.8) 12.3 
03.9] 00.8} 64] 62.8]12.5 
04.9/01.0] 65} 63.8 | 12.% 

3105.9} 01.2] 66] 64.7 
05.9101.4] 67] 65.7 
07.8/01.6] 68] 66.7 
08.8}01.8] 69] 67.7 
09.8 | 02.0] 70] 68.7 
10.8)02.1] 71] 69.6 
11.8) 02.38] 72) 70.6 
12.8|02.5| 73} 71.6 
13.7| 02.7] 74] 72.6 
14.7} 02.9] 7 73.6 
15.7 | 08. 76| 74.5 
16.7°1-03.3.]) 77) 75.5 
17.71 03.5] 78| 76.5 
18.61.038:71 79 | 77 

19.6|03.9]| 80} 78.5] 15. 
20.6) 04.1] 81} 79.4 
21.6|04 38] 82} 80.4 
22.6 | 04.5 3| S14 
23.5|04.7] 84] 82.4 
24.5 fa 85| 83.4 
25.9 86; 84.3 
26.9 05. 3} 87} 85.3 
27.5 |05.5} 88} 86.3 
238.4|05.7] 89} 87.3 
29.4105.9| 90] 83.3 
30.4/06.0] 91) 8.3 
31.4} 06.2} 92] 90.2 
32.4 | 06.4] 93] 91.2 
33.8 |QB.6F 94) 92.2] ) 
34.3 | 06.8] 95} 93.2 

>135.91/07.0] 96] 94.2 
36.8 | 07.2] 97! 95.1 
37.9 | 07.4] 98] 96.1 
38.3 |}07.6] 99] 97.1 
39.2/07.8}100} 98.1 
40.2/08.0] 101] 99.1119.7 
41.2] 08.2] 102 | 100.0 ‘19.9 
42.2 | 08.41103 | 101.0 | 20.1 
43.2 | 08.61 104 | 102.0 | 20.3 

»| 44.1 | 08.81 105 | 103.0 | 20.5 

}| 40.1 | 09.0] 106 | 104.0 | 20.7 
46.1 | 09.2] 107 | 104.9 | 20.9 
47.1 | 09.41 108 | 105.9 | 21.1 
48.1 | 09.6] 109 | 106.9 | 21.3 
49. U7 09.8 | 1 110 107.9 | 21.5 
50.0 09.9 Ti 108.9 | 21.7 
51.0} 10.1] 112 | 109.8 | 21.9 
52.0 | 10.3} 113 | 110.8 | 22.0 

é 3.0} 10.5] 114] 111.8 | 22.2 
99 193.9 | 10.71115 | 112.8 | 22.4 
56 | 54.94 10.9] 116] 113.8 | 22.6 
57 155.9 | 11.1]117 | 114.8 | 22.8 
* 58/56.9] 11.38]118] 115.7 23.0 
59.) 57.9 ao 1191 116.7 | 23.2 
60 98.8 12 so hip 23.4 
Dist. | D: Dep. Lat. mar teat Dep, “Lat. 


Fast d. North. 


North db. West. 


Fast ’. South. 


For 7 Pts.] 


South /. East. 


West b. North. 


South 5. West. 


West 6. South. 


. | Dist.| Lat. | Dep. Dist.| Lat. | Dep. } Dist. Lat. | Dep. | 
121] 118.7 177.5 | 35.38 12414 286.4 147.0 
122}119.7/2 178.5 | 35.5 | 242 237.4. A7.2 § 
123 | 120.6 179.5 | 35.7 | 248 | 288.3 | 47.4 
124 | 121.6 feb 35.9 | 244 | 239.3 | 47.6 
125 | 122.6 181.4 136.1 | 245 | 240.3 | 47.8 
26 | 123.6: >| 182.4 | 36.3 | 246 | 241.3 | 48.0 
124.6 183.4 | 86.5 | 247 | 242.3 | 48.2 
125.5 3] 184.4 | 36.7 | 248 | 243.2 | 48.4 
126.5 185.4 | 86.9 | 249 | 244.2 | 48.6 
127-0 186.3 | 37.1 | 250 | 245.2 | 48.8 
128.5 187.3 | 37.3 | 251 | 246.2 | 49.0 
129.5 2| 188.3 | 37.5 | 252 | 247.2 | 49.2 
130.4 3 | 189.3 | 37.7 | 258 | 24,1 | 49.4 
131.4 190.3 | 37.8 | 254 | 249.1 | 49.6 
182.4 191.8 | 88.0 ] 255 | 250.1 | 49.7 
133. 6 1192.2 | 38.2) 256 | 251.1 749.9 
134.4 193 2 | 38.4 | 257 | 252.1 | 50.1 
135.3 194.2 | 38.6 | 258 | 253.0 | 50.3 
156.8 195.2 | 38.8 | 259 | 254.0 | 50.5 
137.3 196.2 39.0 | 260 | 255.0 | 50.7 
138.3 197.1 39.2 | 261 | 256.0 | 50.9 
2| 139.3 198.1 | 39.4 | 262 | 257.0 | 51.1 
140.3 199.1 | 39.6 | 268 | 257.9 | 51.38 
141.2 200.1 | 89.8 | 264 | 258.9 | 51.5 
142:2 201.1 | 40.0 | 265 | 259.9 | 91.7 
143.2 > | 202.0 | 40.2 | 266 | 260.9 | 51.9 
144,2 2038.0 | 40.4 | + 261.9} 52.1 
145.2 204.0 ! 40.6 | 268 | 262.9 | 52.3 
146.1 205.0 , 40.8 | + 263.8 | 52.5 
147.1 206.0 | 41.0 | 270 | 264.8 | 52.7 | 
148.1 206.9 | 41.242 265.8 | 52.9 | 
149.1 207.9 | 41.4] 272 | 266.8 | 53.1 
150.1 208.9 | 41.6 | 273 | 267.8 | 53.3 
15130 209.9 | 41.7 268.7 | 93.5 
152.0 210.9 | 41.9 | 275 | 269.7 | 53.6 
153.0 211.8 | 42.1 276 | 270.7 53.8 
154.0 912.8 | 42.3 277 | 271.7 | 54.0 
155.0 213.8 | 42.5 | 278 | 272.7 | 54.2 
155.9 214.8 | 42.71 279 | 273.6 | 54.4 
156.9 215.8 | 42.9 | 280 | 274.6 | 54.6 | 
157.9 216.8 | 43.1] 281 | 275.6 | 54.8 
162 | 158.9 217.7 | 43.38 | 282 | 276.6 | 55.0 | 
163 | 159.9 218.7 | 43.5 | 283 | 277.6 | 55.2 | 
164 | 160.8 219.7 | 43.7 | 284 : 278.5 | 55.4 | 
165 | 161.8 i 220.7 | 43.9 | 285 | 279.5 | 55.6 
166 | 162.8 | 32. > | 221.7 | 44.1 | 286 | 280.5 | 55.8 
167 | 163.8 | 82. 222.6 | 44.3 | 287 | 281.5 | 56.0 
168 | 164.8 | $2.8 223.6 | 44.5 | 288 | 282.5 | 56.2 
169 | 165.8 | 53.0 224.6 | 44.7 | 289 | 283.4 | 56.4 
170 | 166.7 | 35.2 225.6 | 44.9 | 290 284.4 | 56.6 
L771 | 167 33.41% 226.6 . 45.1] 291 | 285.4 | 56.8 
7133.6 27.5 | 45.3 | 292 | 286.4 | 57.0 
173 | 169.7 | 83.8 [233 | 228.5 | 45.5 | 2938 | 287.4 | 57.2 
174 | 170.7 | 33.9 | 234 | 229.5 | 45.'7 | 294 | 288.4 ° 57.4 
175 | 171.6 | 34.1 | 235 , 230.5 | 45.8 | 295 1289.3 | 57.6 | 
176 | 172.6 | 84.3 | 236 | 231.5 | 46.0 | 296 | 290.3 57.7 
177 | 173.6 | 34.5 | 237 | 232.4 | 46.2 | 297 | 291. 357.9 
178 | 174.6 | 34.7 | 238 | 233.4 | 46.4] 298 | 292.5 | 58.1 
179 | 175.6 | 34.9 | 239 | 234.4 | 46.6 | 299 | 295.3 | 58.3 
180 | 176.5 | 35.1 | 240} 235.4 | 46.8 | 300 | 294.2 | 58.5 
Dist. Lat. | Dist.| Dep. | Lat. | Dist.| Dep. | Li uty Fe 


TABLE I—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 1} POINTS. 5 
t North 5. East $ East. North b. West + West. South 4, Eust $ Rast. South 6. West + West. 


Dist.| Lat. | Dep. | Dist.| Lat. | Dep.| Dist.| Lat. _Dep. } Dist. 


59.2 | 14.8] 121} 117.4] 29.4 
60.1 | 15.1 | 122] 118.3 | 29.6 
61.1} 15.5} 123] 119.3 | 29.9 
62.1 | 15.6} 124] 120.3 | 30.1 
63.1 | 15.8} 125} 121.3 | 3084 
64.0} 16.0] 126 | 122.2 | 30.6 
65.0 | 16.5 | 127 | 123.2] 30.9 
66.0 | 16.5] 128 | 124.2] 31.1 


Lat. | Dep. | 
233.8 158.6 | 
234.7 | 58.8 
235.7|59.0 | 
236.7 | 59.8 
237.7 | 59.5 
238.6 | 59.8 
239.6 | 60.0 
240.6 | 60.3 


08.7 | 02.2 66.9 | 16.8| 1291 125.1131.3 941.5 | 60.5 
10 | 09.7 | 02.4 67.9| 17.0] 130] 126.1]31.6 242.5| 60.7 | 
11 | 10.7102.7 68.9 | 17.3| 131| 127.1|31L.8 242.5161.0 | 


69.8 | 17.5) 182 | 128.0 | 32.1 
70.8 | 17.7 | 183 | 129.0 | 32.8 
71.8 | 18.0} 184] 130.0 | 32.6 

oft 131.0 | 82.8 


244.4 | 61.2 
245.4) 61.5 | 
246.4|61.7 § 
247.4 | 62.0 


16 | 15.5 | 08.9 248.3 | 62.2 
17 | 16.5 | 04.1 249.3 | 62.4 
18 | 17.5 | 04.4 250.3 | 62.7 
19 | 18.4 | 04.6 251.2 | 62.9 
20 | 19.4 | 04.9 252.2 | 63.2 


253.2 | 63.4 
254.1 | 63.7 
955.1 | 63.9 


22.3 | 05.6 
24 | 23.3 | 05.8 256.1 | 64.1 
25 | 24.3 | 06.1 5 | 257.1 | 64.4 
20 | 25.2 | 06.8 36 | 258.0 | 64.6 
27 | 26.2 | 06.6 259.0 | 64.9 


260.0} 65.1 | 
260.9 | 65.4 
261.9| 65.6 | 


31) 30.1 | 07.5 262.9 | 65.8 
32 | 31.01 07.8 263.8 | 66.1 
33 | 32.0|08.0]} 9% ; ; : : 264.8 | 66.5 | 
34 | 33.0 | 08.3 2 | 22. ; ; 7 : 265.8 | 66.6 | 


266.8 | 66.8 


1 36] 34.9 | 08.7 267.7 | 67.1 

1 3735.91 09.0 268.7 | 67.3. | 
| 38| 36.9} 09.2 269.7 | 67.5" | 
1 39/37.8| 09.5 270.6 | 67.8 | 
i 40 


271.6 | 68.0 


272.6 | 68.3 


42 | 40.7 | 10.2 98.9 |: 273.5 | 68.5 
45 |41.7| 10.4 99.9 274.5 | 68.8 
44 | 42.7} 10.7 100.9 275.5 | 69.0 


45 | 43.7 | 10.9 101.9 | 5 218.3 276.5 | 69.2 
b. 46 | 44.6 (11.2 3( 102.8) 2 219.2] 5 ) | 277.4 | 69.5 
47 | 45.6} 11.4 103.8 220.2 278.4 | 69.7 
48 | 46.6 | 11.7 104.8 | : 221.2 279.4 | 70.0 
49 | 47.5) 11.9 105.7 | ¢ 222.1 280.8 |'70.2 § 
50 | 48.5 | 12.1 106.7 223.1 281.3} 70.5 | 
51 | 49.5 | 12.4 107.7 224.1 282.3 | 70.7 
52 | 50.4 | 12.6 108.6 225.0 283.2 171.0 
53 | 51.41 12.9 109.6 | 2 226.0 | 06. 284.2 | '71.2 
54 | 52.4] 13.1 110.6 | 5 227.0 | 56. 285.2 | '71.4 
55 | 59.4 | 13.4 111.6} 5 228.0 | ¢ 286.2 | 71.7 
56 | 54.3 | 13.6 228.9 | 5 287.1 | 71.9 
57 | 55.3 | 13.8 229.9 288.1 | 72.2 
568 | 56.3 | 14.1 230.9 289.1 |72.4 
59 | 57.2 ' 14.3 231.8 290.0 | 72.7 
60 174.6 | 43.7 232.8 291.0 | 72.9 


| Dist. | Dep. | Lat. ! Dist. Dep. | Lat. Dep. Dep. | Lat. 
East North East $ East. East South East # Est. [For G} Pts.) West North West # West. West South West.$ West. 


6 TABLE I—DIFFERENCE OF LATITUDE 
Gplds East 4 Est. North J. West + West. 
| Dep. 
I: 2h 115. 5.8 35.1 
122] 116.7 
PSPS Re pe 
124 118.7 
125, 119.6] 3 
126 
127 
1238 
1291 1: 
130 
131 | 125.4]; 
132 | 126.3 
33 | 127.3 
134 | 128.2 
ISST20.26 
136 | 1380.1 | é 
137} 131.1 
138 | 182.1 
139 | 133.0 
140 | 154.0 


f ee, |e i. ee - ee, a Se er Ne Oe 


141 
142 
143 
144 
145 


134.9 
135.9 
136.8 
137.8 

38.8 
146 
147 
148 
149) 
150 


| OO | —1_- — | | YI | | 


171 | 163.6 
172 | 164.6 


East North East } oc Bast Beach East + Fast, 


35.4] | 


{For G} Fis] Wasi North West + West. 


6 | 293 | 280.4 


AND DEPARTURE FOR 1} POINTS. 
Sonth Bb. East } East. 


South 5. West 4 West. 


: | Dep. | Dist.} Lat. | Dep. 
173.2 | 52.5 | 241 | 230.6 | 70.0 
174.2 | 52.8 | 242 | 231.6! '70.2 
175.1 | 53.1 | 243 | 232.5 | 70.5 
176.1 244 | 233.5 | 70.8 
177.0 2451 284:.571 Tiel 
178.0 246 | 235.4 | 71.4 
178.9 247 | 236. 4| 71.7 
179.9 248 | 237.3 | 72.0 
180.9 249 | 238.3 | 72.3 
181.8 250 | 239.2 | 72.6 
182.8 201 | 240.2 
183.7 252 | 241.1 
184.7 208 | 242.1 
185.6 254 | 243.1 
186.6 255 | 244.0 
187.6. 206 | 245.0 
188.5 | 57.2 | 237 | 245.9 
189.5 258 | 246.9 
190.4 259 | 247.8 
191.4 260 | 248.8 
192.3 | 5 261 | 249.8 
193.8 262 | 250.7 
194.3 263 | 251.7 

41195.2 264 | 252.6 
196.2 269 | 253.6 

vy A Sp ek 266 | 254.5 
198.1 267 | 255.5 
199.0 268 | 256.5 
200.0 269 | 257.4 
201.0 270 | 258.4 
201.9 271 | 259.8 
202.9 272 | 260.3 
203.8 273 | 261.2 
204.8 274 | 262.2 
205.7 275 | 263.2 
206.7 276 | 264.1 
207.7 277 | 265.1 
208.6 278 | 266.0 
209.6 279 | 267.0 
210.5 280 | 267.9 
211.5 281 | 268.9 
212.4 abe Me 9|81.9 
213.4 270.8 | 82.2 


289 


291 | 278.5 
292 | 279.4 


294 | 281.3 
295 | 282.3 
296 | 283.3 
297 | 284.2 
298 | 285.2 | 86. 
299 286.1 | 86.8 


300 {287.1 |87.1_ 


Dist.} Dep. | Lat. 


West South West 2 W est. 


TABLE I—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 1% POINTS. 7 
North d. East + East. North 5. West 4 West. South 5. East ¢ Exst. South b. West West. | 


Dep. | Dist.| Lat. | Dep.|Dist.| Lat. | Dep.| Dist.| Lat. | Dep.| Dist.| Lat. 


113.9 | 40.8 | 181 | 170.4 | 61.0 | 241 | 226.9 
114.9} 41.1] 1824171.4| 61.3 | 242 | 227.9 
115.8 | 4144 | 183 | 172.3 | 61.7 | 248 | 228.8 
116.8 | 41.8 | 184 | 173.2 | 62.0 | 244 | 229.7 
117.7 | 42.1 | 185 | 174.2 | 62.3 | 245 | 230.7 
118.6 | 42%4 | 186 | 175.1 | 62.7 | 246 | 231.6 
119.6 | 42.8 | 187 | 176.1 | 68.0 | 247 | 282.6 
120.5 | 43.1 | 188 | 177.0 | 68.5 | 248 | 233.5 
121.5 | 43.5 | 189 | 178.0 | 63.7 | 249 | 234.4 
122.4 | 48 8 | 190 | 178.9 | 64.0 | 250 | 235.4 
123.3 | 44.1] 191 | 179.8 | 64.5 | 251 | 236.5 
124.3 | 44.5 | 192 | 180.8 | 64.7 | 252 | 237.3 
125.2 | 44.8 | 193 | 181.7 | 65.0 | 258 | 238.2 
126.2 | 45.1] 194 | 182.7 | 65.4 | 254 | 239.2 
127.1 | 45.5 | 195 | 183.6 | 65.7 | 255 | 240.1 
>| 128.0 | 45.8] 196 | 184.5 | 66.0 | 256 | 241.0 
129.0 | 46.2] 197 | 185.5 | 66.4 | 257 | 242.0 
129.9 | 46.5] 198 | 186.4 | 66.7 | 258 | 242.9 
130.9 | 46.8 | 199 | 187.4 | 67.0 | 259 | 243.9 
131.8 | 47.2 | 200 | 188.3 | 67.4 | 260 | 244.8 


62| 58.4| 20.9 
63| 59.3 | 21.2 
64| 60.3 | 21.6 
65| 61.2] 21.9 
66| 62.1] 22.2 
67| 63.1 | 22.6 
68| 64.0 | 22.9 
69| 65.0 | 23.2] | 
70| 65.9 | 23.6 
71| 66.8) 23.9 
72| 67.8) 24.3 
73| 68.7 | 24.6 
74| 69.7) 24.9 
75| 70.6 | 25.8 
76| 71.6] 25.6 
77| 72.5 | 25.9 
78| 73.4|26.3 
79| 74.4] 26.6 
80| 74.3 | 27.0 


81] 76.3 | 27.3 
82| 77.2 | 27.6 
83] 78.1 | 28.0 
84] 79.1} 28.3 


132.8 | 47.5 | 201 | 189.3 | 67.7 | 261 | 245.7 
133.7 | 47.8 | 202 | 190.2 | 68.1 | 262 | 246.7 
134.6 | 48.2 | 208 | 191.1 | 68.4 | 268 | 247.6 
135.6 | 48.5 | 204 | 192.1 | 68.7 | 264 | 248.6 
136.5 | 48.8 | 205 | 193.0 | 69.1 | 265 | 249.5 
3 | 137.5 | 49.2 | 206 | 194.0 | 69.4 | 266 | 250.5 
138.4 | 49.5 | 207 | 194.9 | 69.7 | 267 | 251.4 
139.3 | 49.9 | 208 | 195.8 | 70.1 | 268 | 252.3 
140.38 | 50.2 | 209 | 196.8 | 70.4 | 269 | 253.3 
141.2} 50.5 | 210 | 197.7 | 70.7 | 270 | 254.2 
142.2 | 50.9} 211 | 198.7} 71.1 | 271 | 255.2 
143.1 | 51.2 | 212 | 199.6 | 71.4 | 272 | 256.1 
144.1 | 51.5] 213 | 200.5 | 71.8 | 273 | 257.0 
145.0 | 51.9 | 214 | 201.5 | 72.1 | 274 | 258.0 
145.9 | 52.2 | 215 | 202.4 | 72.4 | 275 | 258.9 
5 | 146.9 | 52.6 | 216 | 203.4 | 72.8 | 276 | 259.9 
147.8 | 52.9 | 217 | 204.3 | 73.1 | 277 | 260.8 
148.8 | 53.2 | 218 | 205.3 | 73.4 | 278 | 261.7 
149.7 | 53.6 | 219 | 206.2 | 73.8 | 279 | 262.7 
150.6 | 538.9 | 220 | 207.1 | 74.1 | 280 | 263.6 


151.6 | 54.2 | 221 | 208.1 |'74.5 | 281 | 264.6] 94.7 | 
152.5 | 54.6 | 222 | 209.0 | 74.8 | 2821 265.5} 95.0 
158.5 | 54.9 | 223 | 210.0] 75.1 | 283 | 266.5} 95.8 
154.4 | 55.2 | 224 | 210.9 | 75.5 | 284 | 267.4} 95.7 F 
5 | 155.4 | 55.6 | 225 | 211.8} 75.8 | 285 | 268.3] 96.0 | 

156.38 | 55.9 | 226 | 212.8 | 76.1 | 286 | 269.3} 96.45 
157.2 | 56.3 | 227 | 213.7 | 76.5 | 287 | 270.2 | 96.7 | 
158.2 | 56.6 | 228 | 214.7 | 76.8 | 288 | 271.2] 97.0 
159.1 |-56.9 | 229 | 215.6 | 77.1] 289 | 272.1) 97.4 
160.1 | 57.3 | 230 | 216.6 | 77.5 | 290 | 273.0 | 97.7 | 


171 | 161.0 | 57.6 | 231 | 217.5 | 77.8] 291 | 274.0] 98.0} 
172 | 161.9 | 57.9 | 232 | 218.4 | 78.2 | 292 | 274.9| 98.4] 
173 | 162.9 | 58.3 | 233 | 219.4 | 78.5 | 293 | 275.9 | 98.7 f 
174. | 163.8 | 58.6 | 234 | 220.3 | 78.8 | 294 | 276.8] 99.0] 
175 | 164.8 | 59.0 | 285 | 221.3 | 79.2 | 295 | 277.8] 99.4] 
176 | 165.7 | 59.8 | 236 | 222.21 79.5 | 296 | 278.7| 99.7 
1'77 | 166.7 | 59.6 | 237 | 223.1 | 79.8 | 297 | 279.6 | 100.1 
178 | 167.6 | 60.0 | 238 | 224.1 | 80.2 | 298 | 280.6 | 100.4 F 
179 | 168.5 | 60.3 | 239 | 225.0 | 80.5 | 299 | 281.5 | 100.7 | 
120 | 113.0 | 40.4} 180 | 169.5 | 60.6 | 240 | 226.0 | 80.9 | 300 | 282.5] 101.1} 


Dist.| Dep.| Lat. | Dist.| Dep. | Lat. 1 Dist.! Dep. | Lat. |Dist.| Dep. | Lat. | Dist.|| Dep. |, Lat. | 
tO EEE) 
A East North East} Mast. East South Fast ¢ East. [Vor 64 Pts.] West North West 4 West. West South West } West. j 


95| 89.4] 32.0 
96| 90.41 32.3 
97| 91.3) 32.7 
98] 92.3) 33. 
99} 93.2 | 33.4 
1100) 94.2) 33.7 
101] 95.1} 34.0 
102] 96.0 | 34.4 
103] 97.0 | 34.7 
104| 97.9} 35.0 
105] 98.9] 35.4 
106} 99.8 | 35.7 
107 | 100.7 | 36.0 
108 | 101.7 | 56.4 
109 | 102.6 | 36.7 
110 | 103.6 | 37.1 


111 | 104.5 | 37.4 
112) 105.5 | 37.7 
115] 106.4] 38.1 
114] 107.3 | 38.4 
115] 108.3 | 38.7 
116 | 109.2) 39.1 
117} 110.2} 39.4 
118 | 111.1 | 39.8 
119] 112.0} 40.1 


i 8 TABLE IL—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 2 POINTS, 
North North East. North North West. South South East. South South West. 


1 Dist.| Lat. | Dist.) Lat. | Dep. | Dist.) Lat | Dep.| Dist.| Lat. | Dep. | Dist.) Lan | Dep. 
1/00.9 611 56.4 ; 111.8 | 46.3] 181 | 167.2) 69.3 | 241 |} 222.7] 92.2 
2101.8 62] 57.3 112.7 | 46.7] is2] 168.1 | 69.6 | 242 | 223.6] 92.6 
31 02.8 631 58.2 113.6 | 47.1] 183 | 169.1 |'70.0 1243 | 224.5» 93.0 
4} 03.7 64} 59.1 114.6 | 47.5] 184] 170.0 | 70.4 | 244 225.4] 93.4 
5 | 04.6 65] 60.1 115.5 | 47.8] 185 | 170.9 |'70.8 | 245 | 226.4] 93.8 
6 | 05.5 66] 61.0 116.4 | 48.2 | 186 | 171.8 | 71.2 | 246 | 227.3] 94.1 
7106.5 67] 61.9 117.3 | 48.6] 187 | 172.8 | 71.6] 247 | 228.2] 94.5 
8 | 07.4 68} 62.8 118.3 | 49.0] 188 | 173.7 | 71.9 | 248 | 229.1] 94.9 
9108.3 691 63.7 119.2 | 49.4] 189 | 174.6 | 72.3 | 249 | 230.0] 95.38 
10 | 69.2 70| 64.7 120.1 | 49.7] 190 | 175.5 | 72.7 | 250 | 231.0} 95.7 
11} 10.2 Tl} 65.6 121.0 /50.11191 | 176.5|73.1]251 1231.9! 96.1 
EE Bs 721 66.5 122.0 | 50.5 | 192 | 177.4 | 73.5 | 252 | 232.8] 96.4 
13 | 12.0 13| 67.4 122.9 | 50.9 | 198 | 178.3 | 73.9 | 253 | 233.7] 96.8 
14 12.9 74| 68.4 123.8 | 51.3] 194 | 1'79.2|'74.2| 254] 234.7] 97.2 
15] 13.9 75| 69.3 124.7 | 51.7] 195 | 180.2 | 74.6 | 255 | 235.61 97.6 
16 | 14.8 76.1) ROR 125.6 | 52.0] 196 | 181.1 |'75.0 | 256 | 236.51 98.0 
17} 15.7 vier peep ba 126.6 | 52.4] 197 | 182.0 | 75.4 | 257 | 237.4] 98.3 
18 | 16.6 78| 72.1 127.5 | 52.8] 198] 182.9 | 75.8 | 258 | 238.41 98.'7 
19| 17.46 79| 73.0 128.4 | 53.2] 199 | 183.9 | '76.2 | 259 | 239.3] 99.1 
20 | 13.5 80} 73. 129.3 | 53.6 | 200 | 184.8 | 76.5 | 260 | 240.2] 99.5 
21 | 19.4 Sl} 74.8 130.3 | 54.0] 201 | 185.7 |'76.9 | 261 | 241.1] 99.9 
22 | 20.3 2} 75.8 2| 131.2 | 54.8 | 202 | 186.6 | 77.3 | 262 | 242.1 | 100.3 
PEEP Am) 83] 76.7 132.1 | 54.7 | 208 | 187.5 | 77.7 243.0 | 100.6 
24 | 22.2 84] 77.6 133.0 | 55.1 | 204 | 188.5 | 78.1 | 26 3.9 | 101.0 
20 | 23. 85| 73.5 154.0 | 55.5 | 205 | 189.4 | 78.5 ) | 244.8 | 101.4 
265 | 24.0 86 |. 79.5 134.9 | 55.9 | 206 | 190.8 | 78.8 | 266 | 245.8 | 101.8 
QT | 24.9 87| 80.4 135.8 | 56.3 | 207 | 191.2 | 79.2 | 267 | 246.7 | 102.2 
: 88} 81.3 i 


}] 208 | 192.2 | 79.6 
209 | 193.1 | 80.01% 


56.3 
156.7 | 56.6 7.6 | 102.6 
137.7 | 57.0 248.5 | 102.9 

57.4 


30 | 27.7 90} 83.1 138.6 | 57.4 | 210 | 194.0 | 80.4 | 270 | 249.4 | 103.3 
31 | 28.6 91} 84.1 139.5 | 57.8 | 211 | 194.9 | 80.71 271 | 250.4 | 103.7 


212) 195.9 | 81.1 | 272 | 951.31 104.1 
213 | 196.8 | 81.5 3 | 252.2 | 104.5 
214 | 197.7 | 81.9 53.1 | 104.9 
215] 198.6] 82.3 254.11 105.2 
216] 199.6 | 82.7 6 | 255.0 | 105.6 
217 | 200.5 | 83.0]: 55.9 | 106.0 
218 | 201.4 | 83.4 256.8 | 106.4 
219 | 202.3 | 83.8 257.8 | 106.8 
220 | 203.8 | 84.2 | 280 | 258.7 | 107.2 
221 | 204.2 | 84.6 259.6 | 107.5 
999 205.41 85.0 260.5 | 107.9 


140.4 | 58.2 
141.4] 58.6 
142.3 | 58. 
145.2 | 59.8 
O96 | 144.1 | 59.7 
145.0 | 60.1 
146.0 | 60.5 
146.9 | 60.8 
147.8}61.2 


148.7 | 61.6 
149.7 ) 62.0 


43 | 39.7 103} 95.2 150.6 | 62.4 | 223 | 206.0 | 85.3 |< 
44 | 40.7 104] 96.1 151.5 | 62.8 | 224 | 206.9 | 85.7 
45 141.6 105} 97.0 152.4 | 63.1 | 225 | 207.9 | 86.1 
445 | 42.5 106| 97.9 $1 153.4 | 63.5 | 226 | 208.8 | 86.5 
47 | 43.4 107| 98.9}40.9 | 154.8 | 63.9 | 227 | 209.7 | 86.9 
48 | 44.3 10S} 99.8] 41.3 155.2 | 64.8 | 228 | 210.6 }87.3 |: 
19 | 45.38 109 | 100.7 | 41.7 156.1 | 64.'7 | 229 | 211.6 | 87.6 
50 | 40.2 110] 101.6] 42.1 157.1 | 65.1 | 230 | 212.5 | 88.0 
511471 Lil 102.6 | 42.5 158.0 | 65.4 | 231 | 213.4 | 88.4 


112 }:103.5 ! ¢ 
53| 104.4 | 43.2 


2) 158.9 | 65.5 
159.8 | 66.2 


54 | 49.9 114] 105.3 | 43.6 160.8 | 66.6 | 234 | 216.2 | 89.5 
5 | 50.8 LL. | 106.2 | 44.0 161.7 | 67.0 | 235 | 217.1 | 89.9 
5151.7 116] 107.2] 44.4 162.6 | 67.4 | 236 | 218.0 | 90.3 

3 L17| 08.1}44.8 163.5 | 67.7 | 237 | 219.0 | 90.7 


6} 22.21 118] 109.0] 45.2 
D9 | 54.5 | 22.61119} 109.9 145.5 
| GO | 55.4 | 23.0) 1201 110.9} 45.9 
Dist. | Dep. | Lat. ! Dist. Dep. | Lat. | Dist. 
Fast North Fast. Fast Sceuth Fast. 


238 | 219.91 91.1 
239 | 220.8 | 91.5 
240 | 221.71 91.8 
Dep. | Lat. 
West North West. 


164.5 | 68.1 
165.4 | 68.5 
166.3 | 68.9 
Dep. | Lat. 
For 6 Pts.) 


Dist.| Dep. | Lat. 
West South West. 


TABLE I.—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 23 POINTS. 9 


North North East? East. South South East } East. 


North North West 4 West. 


[Dist buat. . Weep. Dist. 
2" 00.0 | 00.4 61 
2/01.8100.9! 62 
3/02.7/ 01.3] 63 
4103.6101.7| 64 

1 51 04.5102.1| 65 

| 6| 05.4] 02.6) 66 

1 7106.3; 03.0] 67 

i slovslos4| 68 

1 9 08.1/ 03.8 69 
j LO | G9. | 04.3 iy 
11/09.9/04.7] 71 
i2 10.8 05.1 72 
13| 11.81 03.6| 73 
14| 12.7!06.0| 74 

115|13.6106.4| 75 

fis |14.5106.8| 76 

biz | 15:4107.3| 77 
i8 | 16.3 07.7 78 
191 17.21 08.1 
20 | 18.1 | 08.6 

F221 | 19.0 09.0 

122 | 19.9] 09.4 

123 | 20.8 | 09.8 

424/21.7] 10.3 

25 | 22.6] 10.7 

$95 |23.5] 11.1 

127 124.41 11.5 

#28 | 25.3 | 12.0 

t 29 | 26.2| 12.4 

130 |27.1| 12.8 
31 128.01 13.3 

132 |28.9/ 13 

133/29.8]14.1 

34] 30.7] 14.5 


42.5 | 20.1 
43.4 | 205 
44.5 | 21.0 
45.2 | 21.4 


46.1 | 21.8 
47.0 | 22.2 
47.9 | 22.7 
48.8 | 23.1 
49,7 | 23.5 
50.6 | 23.9 
D7 | O1.5 | 24.4 
52.4 | 24.8 
53.3 | 25.2 
54.2 |} 25.7 
| Dep.| Lat. 
_] North Eastd. Rast % Mast. 


119 
120 


Lat. 


‘Dep. | Dis 
26.1 
26.5 
26.9 
27.4 
27.8 é 
28.2 | 126 
6 | 28.6 
29.1 
29.5 
3 | 29.9 


30.4 
30.8 
31.2 
31.6 
32.1 
68.7 | 82.5 
32.9 


Q © 
0.0 


55.1 
56.0 
57.0 
57.9 


16d | 145.5 


164 | 148.5 
166 | 150.1 


.21168 | 151.9 
.6 | 169 | 152.8 
170 | 1538.7 
154.6 
155.5 
156.4 
157.3 
158.2 
159.1 
160.0 
160.9 
179 | 161.8 
.3 | 180 | 162.7 


107.6 
108.5 


Dep. - 


162 | 146.4 
168 | 147.4 


165 | 149.2 


167 | 151.0 


Dep? 
South East b. East $ Exst. (For §f Pts. 


a 


South South West? West. 


__Lat. | Dep. 
103.0 
103.5 
103.9 
104.38 
104.8 
Wo.2 
105.6 
~| 106.0 
106.5 
106.9 


107.5 § 
107.7 § 
108.2 
108.6 
109.0 
109.5 
109.9 | 
110.3 
110.7 | 
131.2 


111.6} 
112.0] 
112.4 
112.9 
113.3 
113.7 
4| 114.2 
3} 114.6 
2] 115.0 
1} 115.4 
115.9 
9] 116.3 
116.7 
117.2 
117.6 
118.0] 
118.4] 
118.9] 
119.3] 
119.7] 


120.1 | 
120.6 | 
121.0} 
121.4} 
121.9} 
122.3 } 
1 Re 
123.1} 
1238. 
124.0 
124.4 
124.8 
125.3 
12038 
126.1} 
126.6 § 
127.0 
127.4 | 
127.8 
128.3 


217.9 
218.8 
219.7 
220.6 
221.5 


North West 6. West West. South West b. West 4 West 


Pal 


North North East 4 East. North North West + West. 
.| Dist.| Lat. | Dep. 


06-7 7 
107.6 


” 53.8 | 28.8 
54.7 | 29.2 


55.6 | 29.7 108.5 
56.4 | 30.2 109.4 


110.2 
sy Lit 
112.0 


30.6 
S1.1 
31.6 


60.0 | 52.1 112.9 
60.9 113.8 
G17 114.6 
62.6 115.5 
63.5 152) 116.4 
64.4 33 | 117.5 
65.3 134 | 118.2 
66.1 135 | 119.1 
67.0 136 | 119.9 
67.9 137 | 120.8 
68.8 138 | 121.7 
69.7 139 | 122.6 
70.6 140 | 125.5 
71.4 141 | 124.4 
72.3 142 | 125.2 

3.2 143 | 126.1 
74.1 144 | 127.0 
75.0 145 | 127.9 
75.8 146} 128.8 , 
76.7 147; 129.6 
77.6 148 ; 130.5 


153 


139.5 


2 | 142.9 


20.81103] 90.8 143.8 | 76.8 | 223 | 196.7 | 105.1 | 283 | 249.6 | 133.4 F 
20.7|1104] 91.7 144.6 | '77.3 | 224 | 197.6 | 105.6 | 284 | 250.5 | 133.9 
21.21105] 92.6 145.5 | 77.8 | 225 | 198.4 | 106.1 | 285 | 251.3 | 134.3 
61 21.71106} 93.5 6 | 146.4 | 78.8 | 226 | 199.3 | 106.5 | 286 1252.2 | 1384.8 


22.2 
22.6 
23.1 
23.6 


151.7 
152.6 
153.5 
154.3 
155.2 
156.1 

157.0 
157.9 
158.7 


Dep. 


f North East 3. East$ East. South East 6. E 


10 TABLE I.—DIFFERENCE OF LATITUDE AND:‘DEPARTURE FOR 2, POINTS. 


149 | 131.4 | 70.2] 209} 184.5] 98.5 
150 | 132.8 |'70.7 | 210 | 185.2} 99.0 


1511 133.2|71.2}211| 186.1] 99.5 
152 | 134.1 | 71.7 | 212} 187.0] 99.9 
134.9 | 72.1 | 213 | 187.8 | 100.4 
135.8 | 72.6] 214 | 188.7 | 100.9 
136.7 | 73.1 | 215 | 189.6] 101.4 
>| 137.6 | 73.5 | 216 | 190.5 | 101.8 
138.5 | 74.0] 217 | 191.4] 102.3 


140.2 | 75.0} 219 | 1938.1 | 103.2 
141.1 |'75.4 | 220 | 194.0 | 103.7 


142.0 | '75.9 ] 221 | 194.9 | 104.2 


147.3 | 78.7 | 227 | 200.2 | 107.0 
148.2 | 79.2 | 228 | 201.1 | 107.5 
149.0 | 79.7 | 229 | 202.0 | 107.9 
149.9 80.1 | 230 | 202.8 | 108.4 


150.8! 80.6 | 231 | 203.7 | 108.9 


Viaen «| Lat. Dist Dep. Lat. 
ust 4 East. [For 5} Pts. 


South South East $ East. South South West} West. 
Dist.| Lat. | Dep. 

241 | 212.5 | 113.6 
242 | 213.4) 114.1 
248 | 214.3/ 114.5] 
244 215.2) 115.0 
245 1216.1) 115.58 
246 1217.0} 116.0 
247 | 217.8 | 116.4 
248 | 218.7] 116.95 
249 | 219.6] 117.4] 
290 | 220.5] 117.8 


221.4] 118.3 
2/222.9/118.8] 

223.1] 119.3} 
224.0} 119.7 | 
224.9 | 120.25 
295.8 | 120.7 
226.7 | 121.1 
227.5 | 121.6} 
228.4 | 122.1 Ff 
229.3 | 122.6} 


230,21 123.04 
231.1|123.5} 
231.9 |} 124.0] 
232.8 1124.4} 
233.7 | 124.9} 
5 | 234.6 | 125.4 
235.5 | 125.9 
236.4 | 126.3 | 
237.2 | 126.8 f 
238.1 | 127.3 | 
Sen { 
271 | 239.0 | 127.7} 
272 | 239.9 | 128.2 J 
273 | 240.8 | 128.7 # 
274 | 241.6 | 129.2 
275 | 242.5 | 129.6 
276 | 243.4 | 180.1 
277 | 244.3 | 130.6 
278 | 245.2 | 131.0 
279 | 246.1 | 131.54 
280° 246.9 |} 132.0 


28 | 281 | 247.8. 152.5 
282 | 248.7 | 1382.9 


| 57. 0 18] 130.6 6| 85 
d7.0 | 182, 160.5] 85. 
58.0] 183] 161.4] 8¢ 
08.5} 184] 162.3] S 
58.9] 185 | 163.2) 8 
09.4} 186] 164.0} 8 
59.9] 187] 164.9] 88. 
8 
8 
& 


60.3] 188 | 165.8 
60.8 | 189 | 166.7 
61.8 | 190 | 167.6 


64.1 196]172.9| 92.4 
64.6 197'173.7| 92.9 
65.1 198'174.6| 93.3 
65.5 1991175.5| 93.8 
|66.0 200'176.4| 94.3]2 


» 
66.5 1201 !177.3| 94.8 
66.9 | 202 178.11 95.2 
67.412031179.0| 95.7] 26 
l67.9|204|179.9| 96.2 
|68.41205|180.8| 96.6 
68.8}2061181.7] 97.1 
69.31207| 182.6] 97.6 
69.8] 208] 183.41 98.1 


63.6 Pk? 91.9}: 


74.5 | 218 | 192.8 | 102.8 


76.4 | 222] 195.8 1,104.7 


287 | 253.1 | 135.3 
288 | 254.0 | 135.8] 
289 | 254.9 | 136.2 
290 | 255.8 | 186.7 
291 | 256.6 | 137.2] 
292 | 257.5 | 137.6 | 
293 | 258.4 | 188.1 
294 | 259.3 | 138.6] 
295 | 260.2 | 139.1 
296 | 261.0 | 139.5 | 
297 | 261 91 140.0] 
208 | 262.8 1 140. 5 
299 | 263.7 : 
300 : 264.6 


Dist} J Dep. Ute Li a3. 


West. 


'81.1 | 282 | 204.6 | 109.4 
81.6 | 233 | 205.5 | 109.8 
82.0 | 234 | 206.4 | 110.3 
82.5 | 235 [207.5 | 110.8 
83.0 236 | 208.1} 111.2 
83.4 | 237 | 209.0] 111.7 
83.9 | 238 | 209.9 | 112.2 
84.4 | 239 | 210.8 | 112.7 
84.9 | 240 211.7] 113.1 


North West b, West $ West. South West 6. West 7 


North North East #Enst. North NorthWest £West. 


Lat. Dist. Lat. | Dep.| Dist.) Lat. | Dep. | Dist.) Lat | Dep. 
103.8 | 62.2} 181] 155.2} 93.1 206.7 | 123.9 
104.6 | 62.7} 182] 156.1} 93.6 207.6 | 124.4 
105.5 | 63.2| 183] 157.0} 94.1 208.4 | 124.9 
106.4 | 63.7 | 184| 157.8] 94.6 209.3 | 125.4 
107.2 | 64.3) 185 | 158.7] 95.1 210.1 | 126.0 
108.1 | 64.8} 186|159.5| 95.6 211.0] 126. 
108.9 | 65.3] 187| 160.4] 96.1 211.9 | 127.0 
109.8 | 65.8]188] 161.3] 96.7 212.7 | 127.5] 
110.6 | 66.3] 189 | 162.1] 97.2 213.6 | 128.0} 
111.5 | 66.8] 190 | 163.0] 97.7 214.4 | 128.5} 
112.4| 67.3}191) 163.8] 98.2 215.38 | 129.0} 
113.2 | 67.9 | 192 | 164.7] 98.7 1252 | 216.1 | 129.6 | 
114.1 | 68.4] 193 | 165.5] 99.2] 253 | 217.0] 130.1 
114.9 | 68.9] 194} 166.4] 99.7] 254 | 217.9] 130.6 
115.8 | 69.4 167.3 | 100.3 | 255 | 218.7] 181.1 
116.7 | 69.9 168.1 | 100.8 | 256 | 219.6 | 181.6] 
117.5 | '70.4 369.0 | 101.8 | 257 | 220.4 | 182.18 
118.4 | 70.9 169.8 | 101.8 | 258 | 221.8 | 182.6 
119.2| 71.5 170.7 | 102.3 | 259 | 222.2 | 138.2 | 
120.1 | 72.0 171.5 | 102.8 | 260 | 223.0 | 183.7% 
120.9 | '72.5 1172.4 | 103.3 | 261 | 223.9 | 1384.2] 
121.8 | 73.0 | 202} 1'73.3 | 103.8 | 262 | 224.7 | 134. 
122.7 |.73.5 174.1 | 104.4 | 263 | 225.6 | 135.2 | 
123.5 | '74.0 175.0 | 104.9 | 264 | 226.4} 135.7 | 
124.4 | 74.5 175.8 | 105.4 | 265 | 227.3 | 136.2 | 

5} 125.21'75.1 31 176.7 | 105.9 | 266 | 228.2 | 136.8 | 
126.1 | '75.6 177.5 | 106.4 | 267 | 229.0] 187.3 | 
126.9 | 76.1 178.4 | 106.9 | 268 | 229.9 | 137. 
127.8 | 76.6] ¢ 179.3 | 107.4 | 269 | 230.7 | 138.: 
128.7 177.1 180.1 | 108.0 | 270 | 231.6 | 138.8 
129.5 | 77.6 181.0 | 108.5 | 271 | 232.4 | 139.3} 

2} 130.4 |'78.1 181.8 | 109.0 | 272 | 233.3 | 139.8 | 
131.2 | 78.7 182.7 | 109.5 | 278 | 234.2 | 140.4 ] 
132.1 |'79.2 183.6 | 110.0 | 274 | 235.0 | 140.9 | 
132.9 | '79.7] 215 | 184.4 | 110 5 | 275 | 235.9 | 141.4 
133.8 | 80.2 31 185.3 1111.0] 276 | 236.7 | 141.9 
134.7 | 80.7 186.1 | 111.6 | 277 | 237.6 | 142.4 
135.5 | 81.2 187.0 | 112.1 | 278 | 238.4 | 142.9 
136.4 | 81.7] 2:9 | 187.8 | 112.6 | 279 | 239.3 | 143.4 
137.2 | 82.3 188.7 | 113.1] 280 | 240.2 | 143.9 
138.1 | 82.8 189.6 | 113.6] 281 | 241.0] 144.5 
139.0 | 83.3 | 222 | 190.4] 114.1 | 282 | 241.9 | 145.0 
139.8 | 83.8 191.3} 114.6 | 283 | 242.7 | 145.5 
140.7 | 84.3 192.1 | 115.2] 284 | 243.6 | 146.0 
141.5 | 84.8 193.0} 115.7 | 285 | 244.5 | 146.5 
142.4 | 85.3 | 226 | 193.8 | 116.2] 286 | 245.3 | 147.0 
143.2 | 85.9 194.7 | 116.7 | 287 | 246.2 | 147.5 
144.1 | 86.4 195.6 | 117.2] 288 | 247.0 | 148.1 
145.0 | 86.9 | 229 | 196.4] 117.7] 289 | 247.9 | 148.6 
145.8 | 87.4 197.3; 118.2) 290 | 248.7 | 149.) 
146.7 | 87.9 198.1 | 118.8 }'291 | 249.6 | 149.6 | 
147.5 | 88.4 | 232 | 199.0 | 119.3 | 292 | 250.5 | 150.1 f 
148.4 | 88.9 | 233 | 199.9 | 119.8 | 293 | 251.3 | 150.6 § 
149,2| 89,5 200.7 | 120.3 | 294 | 252.2 | 151.14 
150.1 | 90.0 201.6 | 120.8 | 295 | 2538.0] 151, 
151.0; 90.5 202.4 | 121.3 | 296 | 253.9 | 152.2 
151.8 | 91.0 203.3 | 121.8 | 297 | 254.7 | 152.7 | 

oe 152.7 | 91.5 204.1 | 122.4} 298 | 255.6 | 153. 
119} 102.1] 61. 153.5 | 92.0 205.0 | 122.9 | 299 | 256.5 | 158. 
120} 102.9 | 61.7 154.4 | 92.5 205.9 | 123.4 | 800 | 257.8 | 154.2 


-TABLE I—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 2% POINTS. 
South South East # East. 


17 
South South West $ West. 


Lat. 


Dist. 


Dep. 


12 


List| Lat. | Dep.| Dist.| Lat. | Dep. |Dist.| Lat. | Dep. | Dist.| Lat. | Dep. | Dist.| Lat. | Dep. 
1/00.8/ 00.6] 61 | 50.7 | 33.9] 121] 100.6 150.5 | 100.6 | 241 | 200.4 | 183.9 } 
1 2101.7/01.1] 62/ 51.6 | 34.4] 122] 101.4 182] 151.3 | 101.1 | 242 | 201.2 | 184.4 
3 | 02.5] 01.7] 63 | 52.4} 35.0] 123 | 102.3 183 | 152.2 | 101.7 | 248 | 202.0 | 135.0} 
1 4/ 03.3] 02.2] 64| 53.2 | 35.6] 124 | 103.1 184 | 153.0 | 102.2 | 244 | 202.9 | 135.6 | 
f 51 04.2/02.8] 65 | 54.0 | 36.1] 125 | 103.9 185 | 153.8 | 102.8 | 245 | 208.7 | 136.1 | 
1 6| 05.0] 03.3] 66/54.9| 36.7] 126] 104.8 186 | 154.7 | 103.3 | 246 | 204.5 | 186.7} 
| 7| 05.8] 03.9] 67 | 55.7 | 37.2] 127] 105.6 187 | 155.5 | 103.9 | 247 | 205.4 | 187.2} 
1 8|06.7| 04.4] 68] 56.5 | 37.8} 128 | 106.4 188 | 156.8 | 104.4 | 248 | 206.2] 187.8] 
9|07.5105.0| 69|57.4|38.3] 129| 107.8 189 | 157.1 | 105.0 | 249 | 207.0 | 138.3 | 
110/08.3/ 05.6] 70158.2|38.9] 130] 108.1 190 | 158.0 | 105.6 | 250 | 207.9! 138.9 
111] 09.1] 06.1] 71|59.0| 39.4 108.9 191 | 158.8 | 106.1 |] 251 | 208.7 , 189.4] 
112) 10.0}06.7] 72] 59.9 | 40.0 109.8 159.6 | 106.7] 252 209.5 | 140.0} 
113| 10.8] 07.2] 73 | 60.7 | 40.6 110.6 160.5 | 107.2 | 253 | 210.4 | 140.61 
114] 11.6/07.8] 74] 61.5] 41.1 111.4 161.3 | 107.8 | 254 | 211.2} 141.1} 
115] 12.5]08.8] 75 | 62.4] 41.7 Lh22 162.1 | 108.3 | 255 | 212.0] 141.7] 
116] 13.3] 08.9] 76] 63.2} 42.2 131 163.0 | 108.9 | 256 | 212.9 | 142.2} 
117 | 14.1|09.4] 77 | 64.0] 42.8 113.9 163.8 | 109.4 | 257 | 213.7 | 142.8] 
118} 15.0] 10.0] 78 | 64.9 | 43.3 114.7 164.6 | 110.0 | 258 | 214.5 | 143.3 | 
119|15.8| 10.6] 79 | 65.7 | 43.9 115.6 165.5 | 110.6 | 259 | 215.4 | 143.94 
420/16.6]11.1] 80] 66.5 | 44.4 116.4 166.3 | 111.1] 260 | 216.2) 144.4] 
121) 17.5111.7] 81 | 67.3 | 45.0 wig” 167.1 | 111.7] 261 | 217.0 | 145.0] 
1221 18.3] 12.2] 82] 63.2} 45.6 118.1 168.0 | 112,2] 262 | 217.8 | 145.6 | 
123}19.1] 12.8] 83] 69.0] 46.1 118.9 168.8 | 112.8 | 263 | 218.7 | 146.1] 
24 | 20.0| 13.3] 84] 69.8 119.7 169.6 | 113.3 | 264 | 219.5 | 146.7 | 
§25 20.8) 13.9] 85] 70.7 120.6 170.5 | 113.9 | 265 | 220.3 | 147.2} 
126 121.6| 14.4] 86] 71.5 121.4 171.3 | 114.4] 266 | 221.2 | 147.8} 
{27 | 22.4] 15.0| 87} 72.8 12e2 172.1] 115.0 | 267 | 222.0 | 148.3 } 
128 | 23.3] 15.6] 88| 73.2 123: 172.9] 115.6 | 268 | 222.8 | 148.9 § 
1209] 24.1| 16.1] 89] 74.0 123.9 173.8 | 116.1 | 269 | 223.7 | 149.44 
130 124.91 16.7] 90|74.8 |: 124.7 174.6 | 116.7] 270 ' 224.5 | 150.0} 
31 125.8]17.2] 91 | 75.7 125.6 175.4. | 11'7.2| 271 | 225.8 | 150.6 | 
32126.6] 17.8] 92] 76.5] 51. 126.4 176.3 | 117.8 | 272 | 226.2 | 151.1] 
133}27.4| 18.3] 93]77.38 Pah 177.1 | 118.3 | 273 | 227.0 | 151.7] 
134/28.3} 18.9] 94] 78.2 128.0 177.9 | 118.9 | 274 | 227.8 | 152.2 | 
135 129.1} 19.4] 95 | 79.0 128.9 178.8 | 119.4] 275 | 228.7 | 152.8} 
136 | 29,9 | 20.0] 96} 79.8 129.7 179.6 | 120.0 | 276 | 229.5 | 153.8 
137 | 30.8 | 20.6] 97 | 80.7 130.5 180.4 | 120.6 | 277 | 280.3 | 153.9 § 
138 | 31.6] 21.1] 98] 81.5154, 131.4 181.3 | 121.1] 278 | 231.1 | 154.4} 
139 | 32.4]21.7] 99} 82.3 132.2 182.1 | 121.7 | 279 | 232.0 | 155.0 § 
140 | 33.3 | 22.2] 100 | 83.1 | 5 133.0 182.9 | 122.2 | 280 | 232.8 | 155.6 | 
41] 34.1 | 22.8} 101 | 84.0]: 133.9: 89.4 183.8 | 122.8] 281 | 283.6 156.1 | 
4/319! 23.31 102] 848 2|134.7' 90.0 184.6 | 123.8 | 282 | 234.5 | 156.7 | 
143 | 35.8 | 23.9] 103 | 85.6] 5 135.5; 90.6 185.4 | 128.9 | 283 | 235.8 | 157.2] 
44 | 36.6 | 24.4] 104 | 86.5 136.4; 91.1 186.2 | 124.4 | 284 | 236.1 | 157.8 | 
145 | 37.4 | 25.0] 105 | 87.3 137.21 91.7 187.1 | 125.0 | 285 | 237.0 | 158.3 | 
146 | 38.2 | 25.6] 106 | 88.1 |; 138.0; 92.2 187.9 | 125.6 | 286 | 237.8 | 158.9 | 
147 | 39.1 | 26.1 | 107 | 89.0 | ; 138.9] 92.8 188.7 | 126.1 | 287 | 238.6 | 159.4 | 
! 48 | 39.9 | 26.7] 108 | 89.8 139.7| 93.3 189.6 | 126.7 | 288 | 239.5 | 160.0 
1-49 | 40.7 | 27.2] 109 | 90.6 140.5} 93. 190.4 | 127.2 | 289 | 240.3 | 160.6 
150] 41.6 | 27.8] 110 | 91.5 )| 141.3} 94.4 191.2 | 127.8 | 290 | 241.1 | 161.1 
51 | 42.4] 28.3] 111 | 92.3 142.2| 95.0] 231 | 192.1 | 128.3] 291 | 242.0 | 161.7; 
| 52 | 43.2 | 28.9] 112 | 93.1 143.0] 95.6 192,9 | 128.9 | 292 | 242.8 | 162.2 j 
153 | 44.1 | 29.4] 113 | 94.0 143.8] 96.1 193.7 | 129.4 | 298 | 243.6 | 162.8 
154 | 44.9/ 30.0] 114] 94.8 944.7| 96.7 194.6 | 130.0 | 294 | 244.5 | 163.3 | 
‘55 | 45.7 | 30.6 | 115 | 95.6 | 63.9 145.5] 97.2 195.4 | 130.6 | 295 | 245.3 | 163.9 | 
155} 46.6 | 3111116 | 96.5 |64.4]176| 146.8] 97.8] 236 | 196.2] 131.1 | 296 | 246.1 | 164.4} 
57 | 47.4.| 31.7] 117 | 97.3 | 65.0 147.2] 98.3 197.1] 131.7] 297 | 246.9 | 165.0} 
58 | 48.2 | 32.2] 118 | 98.1] 65.6] 178 | 148.0] 98.9] 238 | 197.9 | 132.2] 298 | 247.8 | 165.6 | 
59 | 49.1 |32.8]119 | 98.9 | 66.1 148.8] 99.4 198.7 | 132.8 | 299 | 248.6 | 166.14 
60 | 49.9 | 35.3 | 120 | 99.8 | 66.7 149.7 | 100.0 | 240} 199.6 | 133.3 | 800 | 249.4 | 166.7 § 
Dist.| Dep. 1 Lat. | Dist. | Dep. | Lat. Dep. | Lat. Dep. | Lat. | Dist.| Dep. ; Lat. 


North East }, Hast. 


North East 4. North. 


South East b. East. 


For § Pts} 


South East b. South. 


North West 6. West. 


fABLE I.—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 2 POINTS. 


North West 5. North. South West 4. South. 


South West db. West. 


TABLE I—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 3¢ POINTS. 
South East # South. 


North East # North. 
4Dist. 


COMHQAOUTRWWeE 


North East } East. 


North West % North. 


123.7 
124.5 
125.3 
126.1 
126.9 
127.7 
128.5 


60.2| 161 95.9 
60.8 | 162 96.5 
61.4| 163 97.1 
32.0 | 164 97.7 
62.5 | 165 98.! 

166 98.9 


184.1] 99.5 
134.9! 100.1 
135.7 | 100.7 


170.9 
‘T15 144.6 | 107.2 


Lat. | Dist.! Dep. Lat. 
South East } East. [For 43 Pts. 


181 | 145.4 


185 | 147.0 
184 | 147.8 
185 | 148.6 
186 | 149.4 
187 | 150.2 
188 | 151.0 
189 | 151.8 
190 | 152.6 


199 | 159.8 
200 | 160.6 


211 | 169.5 
2121170.3 


178.5 
179.1 
179.9 
180.7 
5) 181.5 
182.3 
183.1 


238 
239 


A 
24 


191.2 
192.0 
192.8 
Dep. 
North West $ Wes'. 


107.8 
182 | 140.2 | 108.4 


Lat. 


13 
South West 4 South. 
Lat. 
193.6 
2} 194.4 
195.2 
196.0 
196.8 
197.6 
198.4 
199.2 
200.0 
200.8 | 148.9 } 
201.6 
202.4 
2038.2 
204.0 
204.8 
205.6 | 152.5 | 
206.4 ; 


207.2| 153.7] | 
208.0 | 154.3 | 
208.8 | 154.9 | 


209.6 
210.4 
PAY Bp? 
212.0 
212.8 
PAIS PY: 
214.5 
215.8 
216.1 
216.9 
DA ee 
218.5 


219.3 | 162.6 
220.1 | 163, 
220.9 | 16 


76 | 221.7 
223.3 
224.1 
| 224.9 


225.7 


226.5 | 168.0 | 
227.3 | 168.6] 
228.1 | 169.2 | 
228.9 | 169.8} 


229.7 
230.5 
231.5 
232. | 


178.7 
Dist. Lat. _ 


south ‘Vest } West. 
rs Ce OTe OTK. Be 


ea ae TEAC ETE SR. MON NN 


14 TABLE J.—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 83 POINTS. 
North East 4 North. North West 4 North. South Est + South. 


! Dist. | Lat. 


181 | 189.9} 114.8 
82 | 140.7 | 115.5 
141.5) 116.1 
142.2 | 116.7 


Lat. 

93.5 
94.3 
95,1 
95.9 


Dep. 


GS See SSS ee 


96.6 143.0 | 117.4] 2 
97.4 145.8 | 118.0]+ 


98.2 
98.9 
99.7 
130 | 100.5 


131] 101.3 
132] 102.0 
133 | 102.8 
134 | 103.6 
5] 135 | 104.4 


144.6 | 118.6] + 
3} 145.38) 119.3]: 
146.1] 119.9]5 
146.9 | 120.5 


147.6 | 121.2] 2 
148.4 | 121.8 
149.2 | 122.4 
150.0 | 123.1 
150.7 | 123.7 | 2 
151.5 | 124.3 
152.5 | 125.0 
155.1 | 125.6 
155.8 | 126.2 | 2 


——— 
SS ee ee 


155.4 | 127.5 
156.1 | 128.1 


143} 110.5 
144] 111.3 
9} 145} 112.1 
.6| 146} 112.9 
147 | 113.6 
148 | 114.4 
1491 115.2 
150 | 116.0 


96 | 74.2 
97 | 75.0 
98 | 75.8 
99 | '76.5 
100 | 77.3 


ey Pee ee) ee ee ee SS ee ee Se eee 


101 | 78.1 


282 , 218.0 | 178.9 | 
283 | 218.8 | 179.5 ff 
284 | 219.5 | 180.2} 
285 | 220.3 | 180.8 
286 1221.1 | 18145 
287 | 221.9 | 182.1 
288 | 222.6 | 182.7 
289 | 223.4 | 183.3 
290 | 224.2 | 184.0 


29] | 224.9 | 184.6} 
292 | 225.7 | 185.2 
293 | 226.5 | 185.9 
294 | 227.3 | 186.5 | 
295 | 228.0 | 187.1] 
296 | 228.8 | 187.8 
297 | 229.6 | 188.4 | 
298 | 230.4 | 184.0 
299 | 231.1} 189.7} 
300 | 231.9} 190.3} 


Dist. | Dep. / Lat. 
South Wect $ Wasr, 


46.4 | 38.1 | 120 | 92.8 | 76. 
ist.| Dep. | Lat. | Dist.} Dep. | Lat. { Dist. Dev. | Lat. 


. ~ North East ¢ East. South Mast 2 Mast. {For 42 Pts.] 
CER Ne TLE TTS 8 SETS ACT CAL IN MPN Line ol 


Dist.| Dep. | Lat. 
North West ¢ West. 


ne iE ALDI DEOL OIE OIE CEE ECL DELILE LLL DLE LEADED LEE AE LIE LLG LEIA LENE LEL LLL EDL LLL ID LL A EES IIT NE 


TABLE I.—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 3: POINTS. 


North East + North. 


Dist.| Lat. 
00.7 | 00.7 
01.5101.3 
3 | 02.2 | 02.0 
03.0 | 02.7 
03.7 | 03.4 
04.4 | 04.0 
05.2 | 04.7 
05.9 | 05.4 
06.7 | 06.0 
07.4 | 06.7 
08.2 
08.9 
09.6 
10.4 
rest 
11.9 
117} 12.6 
P18] i3.e 
14.1] 
14.8 
15.6 
16.3 | 14.8 


Dep. | Dist. 


North West + North. 


Lat. | Dep. 
45.2! 41.0 
45.9' 41.6 
46.7 | 42.5 
AT.4 
48.2 
48.9 
49.6 
50.4 
ati] 
51.9 


Dist. 
12) 
Le 


Lat. 
89.7 
90.4 


123| 91.1 
124) 91.9 


125 


92.6 


126) 93.4 
127) 94.1 
128] 94.8 
129] 95.6 


rs) 
152 


135 


130] 96.3 


97.1 
97.8 
98.5 


154} 99.8 


135 


100.0 


>| 100.8 


101.5 
102.5 
105.0 
103.7 


South East ¢ South. 


Dep, , 


Dist. 


104.5 
105.2 
106.0 
106.7 
107.4 


>| 108.2 


108.9 
109.7 


1110.4 
10 ee 


111.9 
112.6 
113.4 
114.1 
114.8 


5] 115.6 


116.3 
LY Til 
117.8 
118.6 


—————| J cm [crm — 


{Dist Dep. 
North East + East. 


.| Dep. | Lat. 
_ South Bast + East. 


Dist. 


119.5 


2| 120.0 


120.8 
121.5 
122.3 


123.0 | | 


123.7 
124.5 
125.2 
126.0 


126.7 
127.4 
128.2 
128.9 
129.7 
130.4 
151.1 


}| 131.9 


182.6 
155.4 


Dep. 


(For 44 Pes] 


OT 


Lat. 


a OO) 
we Oe 


223 


Dist. 


perth et 2 ee 


164.5 282 
165.2 283 


166.0 


169.7 
170.4 


171.2 


: 
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South Wes t# South. 
Lat. | Dep. Dist. |. Lat. | Dep. | 
1384.1 2411178.6/ 161.8 
134.9 242 | 179.31 162.5 | 
135.6 243] 180.1 | 163.2] 
136.3 244 | 180.8 | 163.9 | 
137.1 245] 181.51 164.5 f, 
137.8 246] 182.3 1165.2] 
138.6 247 | 183.0 ] 165.9 | 
139.3 248 | 188.8 1166.58 
140.0 249 | 184.5 | 167.2 | 
140.8 250 | 185.2 | 167.9 | 
141.5 251 | 186.0 | 168.6 | 
142.3 252 1186.7] 169.25 
143.0 253 | 187.5 | 169.9 | 
143.7 254,| 188.2] 170.6 
144.5 255 | 188.9] 171.25 
145.2 256 | 189.7| 171.9 
146.0 257 | 190.4 | 172.65 

146.7 258 | 191.2 | 178. 
147.4 5 | 259 | 191.9] 178.9} 
148.2 260 | 192.6 | 1'74.6 § 
148.9 261 | 193.4] 175.3 § 
149.7 262 | 194.1] 1'75.9§ 
150.4 263 | 194.9 | 176.6 
151.2 264 | 195.6] 177.3 | 
151.9 265 | 196.4 | 178.0 § 
152.6 266 | 197.1 | 178.6 | 
153.4 267 | 197.8 | 179.3 | 
154.1 268 | 198.6 | 180.05 
154.9 269 | 199.3 | 180.6 f 
155.6 270 | 200.1 | 181.3 | 
156.8 271 | 200.8 | 152.0} 
157.1 272 | 201.5 | 182.7 | 
157.8 273 | 202.3 | 183.8 | 
158.6 274 | 203.0 | 184.0 § 
159.3 275 | 203.8 | 184.7 | 
160.0 276 | 204.5 | 185.4 
160.8 277 | 205.2 | 186.0 
161.5 278 | 206.0 | 186.7 
162.3 279 | 206.7 | 187.4 
163.0 280 | 207.5 | 188.0 


208.2 
208.9 
209.7 
210.4 


225 | 166.7 285 | 211.2] 191.4 
226 | 167.5 286 | 211.9 | 192.1] 
227 | 168.2 287 |.212.7 | 192.7 
228 | 168.9 288 | 213.4 | 193.4 


214.1 
214.9 


215.6 


171.9 292 | 216.4] 196.1 
172.6 293 | 217.1 | 196.8 
173.4 294 | 217.8 | 197.4 } 
174.1 295 | 218.6] 198.1 
174.9 296 | 219.8 | 198.8 f 
175.6 297 | 220.1 | 199.5 § 
176.8 298 | 220.8 | 200.1 | 
ig a 299 | 221.5 | 200.8 
177.8 300 | 222.3 | 201.5 
Dep. Dist.| Dep. Lat. 


South West ¢ West. 


16 


“TABLE L_DIFFERENCE OF LATITUDE AND DEPARTURE FOR 4 POINTS. 


North East. North West. South East. South West. 
{ Dist. Lat. | Dep. | Dist. “Lat. | Dep.| Dist.] Lat. Dep. 
f 1 100.7| 00.7] 61/43.1 143.1] 121 128.0} 128.0 
2101.4101.4] 62) 43.8 | 43.8] 122 128.7 | 128.7 
3 | 02.1} 02.1] 63} 44.5 | 44.5 | 123 129.4] 129.4 
4| 02.8] 02.8] 64| 45 3 | 45.3] 124 130.1 | 180.1 
5 |03.5|03.5| 65} 46.0 | 46.0] 125 130.8 | 180.8 
6 | 04.2} 04.21 661 46.7 | 46.7] 126 5} 181.5] 131.5 
1 7(04.9|04.9] 67] 47.4] 47.4] 127 32.2| 132.2 
| 8 |05.7|05.7] 68 | 48.1] 48.1] 128 132.9| 129.9 
| 9|06.4| 06.4] 69] 48.8 | 48.8] 129 133.6 | 183.6 
110| 07.1] 07.1] 70| 49.5 | 49.5 | 180 184.4 | 134.4 
11] 07.8] 07.8] 71|50.2|50.2| 131 135.1] 185.1 
112)98.5108.5| 72|50.9| 50.9} 182 135.8 | 135.8 
113/09.2|09.2| 73|51.6| 51.6] 1338 136.5 | 186.5 
114/09.9|09.9] 74|52.3152.3| 184 187.2 | 187.2 
115| 10.6] 10.6] 75] 53.0 | 53.0] 185 137.9 | 137.9 
116] 11.3}11.3] 76] 53.7 | 53.7] 186 138.6 | 138.6 
17] 12.0] 12.0] 77] 54.4154.4 | 187 189.8 | 139.8 
18 | 12.7] 12.7] -78|55.2|55.2| 138 140.0 | 140.0 
119] 18.4] 13.4] 79|55.9| 55.9] 139 140.7 | 140.7 
20}14.1] 14.1] 80|56.6] 56.6] 140 141.4] 141.4 
121)14.8] 14.8 | 142.1 | 142.1] 261 | 184.6 
199115.6115.6 142.8 | 142.8 | 262 | 185.8 
123 | 16.3 | 16.3 : 143.5 | 148.5 | 263 | 186.0 
124117.0117.0| 84/59.4|59.4| 144 144.2 | 144.2] 264 | 186.7 
125]17.7117.71 85/|60.1| 60.1] 145 145.0 | 145.0 | 265 | 187.4 
195118.4118.41 86160.8160.8] 146 145.7 | 145.7 | 266 | 188.1 | 188. 
27 |19.1119.1] 87] 61.5 | 61.5 | 147 146.4 | 146.4] 267 | 188.8 | 188. 
#28] 19.8} 19.8] 88} 62.2 | 62.2] 148 147.1 | 147.1 |2681189.5 
2 | 20.5 | 20.5] 89 | 62.9 | 62.9 | 149 147.8 | 147.8 et 190.2 
| 30 | 21.2} 21.2] 90] 63.6] 68.6 | 150 148.5 | 148.5 
131/21.9) 21.9] 91/64.31643 149.21 149.22 
f 32 | 22.6 | 22.6] 92/65.1) 65.1 2| 149.9 149.92 Q7 
133 | 23.3 | 23.8] 93] 65.8 | 65.8 150.6 | 150.6 
134] 24.0] 24.0] 94] 66.5| 66.5] 1 151.8 | 151.3 
135 |24.7|24.7] 95 | 67.2 | 67.2 152.0 | 152.0 
136 | 25.5 | 25.5] 96 | 67.9 | 67.9 162.7) 182.7 
| 37 | 26.2| 26.21 97] 68.6 | 68.6 1538.4 | 153.4 
1 38 | 26.9 | 26.9] 98 | 69.3 | 69.3 154.1] 154.1 
1 39 | 27.6 | 27.6] 99|70.0]'70.0}- 154.9] 154.9 
| 40 | 28.3 | 28.3] 100 | 70.7 | 70.7 155.6 | 155.6 
HL 29.0 | 29.0] 101 | 71.4 | 71.4] 161] 113.8] 113.8 156.3 
f 42 | 29.7 | 29.7] 102 | '72.1 | 72.1 | 162 | 114.6 | 114.6 157.0 
143 | 30.4 | 30.4] 103 | 72.8 | 72.8] 163 | 115.3] 115.3 157.7 7 
#44. 131.1) 31.1] 104] 73.5 | 73.5 | 164] 116.0] 116.0 158.4 284 200.8 | 200.8 | 
145131.8131.8 165 | 116.7 | 116. 159.1 285 | 201.5 | 201.55 
H46 | 32.5 |325 166 | 117.4 | 117.4 | 226 | 159.8 
| 47 | 33.2 | 33.2 167} 118.1} 118.1 160.5 
1 48 | 33.9 | 33.9 168/118.8]118.8 161.2 
149 | 34.6 | 34:6 169 | 119.5 | 119.5 | 229 | 161.9 
| 50 | 35.4 | 35.4 1'70 | 120.2 | 120.2 162.6 | 162.6 
151 136.1 | 36.1 171 | 120.9 | 120.9 163.3 | 16 
1 52| 36.8 | 36.8 172] 121.6 | 121.6 164.0 
153 | 37.5 | 37.5 173 | 122.3 | 122.3 | 283 | 164.8 
54 | 38.2 | 38.2 174 | 123.0 | 123.0 165.5 
155 | 88.9 | 38.9 175) 12870 pas 166.2 
156 | 39.6 | 39.6 .0| 176 | 124.5 | 124.5 166.9 
157 | 40.3 | 40.3 7 | 177| 125.2 | 125.2 167.6 
158 | 41.0} 41.0 178 | 125.9 | 125.9 168.3 
59 | 41.7 | 41.7 .1]179 | 126.6 | 126.6 169.0 
| 60 | 42.4 | 42.4 84.9 84.9] 180 | 127.3 | 127.8 169.7 


Dist. Dist Dep. | 1 Lat. ist. Dep. Be Lat, Dist. Dep. | Lat. Dep. 
ie 


ee oe 
Nertn Enst _____ North West. {For 4 Pts.] South Mast. South West. 


TABLE IL. 17 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 1 DEGREE. Oh 4m, 


Dist| Lat. | Dep. | Dist.| Lat. | Dep. { Dist.) Lat. ist.| Lat. | Dep. | Dist.| Lat. | Dep. | 


SS ES ee ee >, ee | — 


01.0 121.0 181.0] 03.2 | 241 |241.0| 04.2% 
02.0 122.0 182.0} 03.2 | 242 | 242.0 | 04.2 | 
03. 3 | 123.0! 183.0} 03.2 | 243 | 243.0| 04.2 
04.0 124.0 184.0! 03.2 |2441241.0| 04.3 
05.0 125.0 185.0| 03.2 | 245 | 245.0] 04.3 } 
06.0 3 | 126.0 186.0| 03.2 1246 | 246 0| 04.3} 
07.0 127.0 187.0! 08.3 | 247 | 247.0 | 04.3 | 
08.0 128.0 31 188.0] 03.3 | 248 | 248.0 | 04.3 | 
09.0 129.0 189.0] 03.3 1249 | 249.0 | 04.3 | 
10.0 130.0 190.0! 03.3 | 250 | 250.0 | 04.4 
11.0 131.0 191.0] 03.8 [251 | 251.0 | 04.4 | 
12.0 132.0 192.0} 03.4 | 252 | 252.0 | 04.4% 
13.0 133. 193.0] 03.4 |253 | 253.0 | 04.4 | 
14.0 134.0 194.0| 08.4 | 254 | 254.0 | 04.4 § 
15.0 135.0 195.0| 03.4 | 255 | 255.0 | 04.5 | 
16.0 136.0 196.0| 03.4 | 256 | 256.0 | 04.5 | 
17.0 137.0 197.0] 03.4 | 257 | 257.0 | 04:5 | 
18.0 138.0 198.0] 03.5 | 258 | 258.0 | 04.5 § 
19.0 139.0 199.0} 08.5 | 259 | 259.0 | 04.5 | 
20.0 140.0 200.0] 03.5 |260 | 260.0 | 04.5 | 
21.0 141.0} 02.5 | 201 | 201.0] 03.5 | 261 | 261.0 | 04.6] 
22.0 142.0 202.0] 03.5 |262 | 262.01 04.6% 
23, 143.0 203.0] 03.5 | 263 | 268.0 | 04.6] 
24.0 144.0 204.0} 03.6 | 264 | 264.0 | 04.6] 
25.0 145.0 205.0} 03.6 | 265 | 265.0 | 04.6 § 
26.0 146.0 206.0] 03.6 | 266 | 266.0 | 04.6} 
27.0 147.0 207.0] 03.6 | 267 | 267.0 | OL.7] 
28.0 148.0 208.0} 03.6 | 268 | 268.0 | 04.7 § 
29.0 149.0 209.0! 03.6 | 269 | 269.0 | 04.7 | 
30.0 150.0 210.0] 03.7 1270 | 270.0 | 04.7 | 
31.0 151.0 211.0| 03.7 1271 | 271.0 | 04.75 
2.0 152.0 212.0| 03.7 272 | 272.0 04.7 | 
33. 153.0 213.0] 08.7 | 273! 273.0 | 04.8 § 
34.0 154.0 214.0] 03.7 [274 | 274.0 | 04.8 | 
35.0 155.0 215.0} 03.8 | 275 | 275.0 | 04.8 | 
36.0 156.0 216.0] 08.8 | 276 | 276.0 | 04.8 | 
37.0 157.0 1217.0] 03.8 | 277 | 277.0] 04.8% 
38.0 158.0 218.0] 03.8 | 278 | 278.0 | 04.9 § 
39.0 159.0 219.0] 03.8 |279 | 279.0 | 04.9 | 
40.0 | 00. 71 1601 160.0 220.0] 03.8 | 280 | 289.0 04.9 
41.0] 00. 81161] 161.0 221.0} 03.9 |281 | 281.0 | 04.9 § 
42.0} 00. 81162 | 162.0 222 | 222.0] 03.9 | 282 | 282.0 | 04.9 | 
43. 31103. 8| 163 | 163. 223.0 03.9 1283 | 283.0] 04.9 | 
44.0 | 00.5 .8| 164] 164.0 224.0] 03.9 | 284 | 284.0 | 05.0 | 
5145.0] 00.8] 81165] 165.0 5 | 225.0] 03.9 | 285 | 285.0} 05.0} 
;1 46.0100. 81166] 166.0 26 | 226.0 | 03.9 |286 | 286.0 | 05.0 
47.0 | 00. .9| 167 | 167.0 227.0} 04.0 | 287 | 287.0 | 05.0 § 
48.0 | 00. 91168 | 168.0 228.0! 04.0 | 288 | 288.0 | 05.0 F 
49.0 | 00. 91169 | 169.0 229.0] 04.0 1289 | 289.0 | 05.0 § 
50.0 | 00. .9| 170} 170.0 230.0] 04.0 1290 | 290.0] 05.1 | 


et ee en ee EEE EEE 


51.0 231.0} 04.0 }291 | 291.0} 05.1 | 
52.0 172 | 172.0 232.0} 04.0 | 292 | 292.0 | 05.1 
53.0 173 | 173.0 233.0} 04.1 | 293 | 293.0 | 05.1 | 
54.0 174.| 174.0 234.0} 04.1 | 294 | 294.0 | 05.1 | 
55 0 175 | 175.0 235.0} 04.1 1295 | 295.0} 05.1 } 
56.0 176 | 176.0 236.0 | 04.1 | 296 | 296.0 | 05.2 § 
57.0 | 01. .0| 177 | 177.0 237.0} 04.1 | 297 | 297.0 | 08 2] 
58.0 | 01. 2.1] 178 | 178.0 238.0 | 04.2 | 298 | 298.0 | 05.25 
59.0 | OL. ! .1}179| 179.0 239.0 | 04.2 | 299 |299.0 105.25 


60.0 | OL. 2.1] 180 | 180.0 240 | 240.0 | 04.2 | 300 [300.0 | 05.2 | 


‘Dep. . | Dist.| Dep. | Lat. | Dist.) Dep. | Lat. | 
For 89 Degrees. 51 56m, 


er a ee g 


58 ye => 


S 
—s 
m 

ct 


WO DIDBWUPW DH |! 


110 


TABLE IL 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR2 DEGREES. 0h 8m, 
Lat. | Dep. Dist.) Lat _Dep. Dist. _ Lat. _Dep. | Dist. Lat. Dep. 
01.0|00.0] 61] 61.0] 02.1] 121] 120.9} 04.2 240.9 | 08.4 | 
02.0/00.1] 62] 62.0 | 02.2] 122] 121.9} 04.3 241.91 08.4 
03.0100.1}] 63] 63.0 | 02.2| 123) 122.9] 04.3 242.9 | 08.5 | 
04.0100.1) 64] 64.0 | 02.2| 124] 123.9] 04.3 243.9 | 08.5 
05.0/ 00.21 65] 65.0 | 02.3] 125] 124.9] 04.4 5 | 244.9] 08.6 | 
06.01 00.2| 66] 66.0 | 02.8] 126] 125.9} 04.4 3 | 245.9 | 08.6] 
07.0| 00.21 67] 67.0 | 02.3] 127] 126.9] 04.4 246.8 | 08.6 
08.0100.3| 68] 68.0] 02.4] 128] 127.9] 04.5 247.8 | 08.7 | 
09.0100.83] 69} 69.0| 02.4] 129] 128.9] 04.5 248.8 | 08.7 | 
10.01£0.3| 70! '70.0| 02.4] 180} 129.9] 04.5 249.8 | 08.7 | 
11.0/00.4| 71] 71.0} 02.511811 130.9] 04.6 250.8 | 08.0 | 
12.0/00.4] 72] 72.0] 02.5] 1382] 1381.9] 04.6 251.8 | 08.8 | 
13.0|00.5| 73| 73.0].02.5| 183] 132.9] 04.6 31 252.8 | 08.8 § 
14,0!00.5] 741 74.0 | 02.61 184] 133.9] 04.7 253.8 | 08.9 | 
15.0|}00.5] 75) 75.0} 02.6; 185] 184.9| 04.7 254.8 | 08.9 | 
16.0100.6] 76! 76.0] 02.7}186| 135.9] 04.7 255.8 | 08.9 
17.0|00.6] 77] 77.0] 02.7;187]| 186.9] 04.8 256.8 | 09.0 | 
18.0| 00.6] 78] '78.0| 02.7] 138] 137.9] 04.8 257.8 | 09.0 
19.0} 00.7] 79] '79.0| 02.8] 1389] 188.9} 04.9 258.8 | 09.0} 
20.0]00.7] 80) 80.0} 02.8] 140] 139.9] 04.9 259.8 | 09.1} 
21.0100.7} 81} 81.0] 02.8]1411140.9]} 04.9 260.8 | 09.1 § 
22.0100.8}] 82] 82.0} 02.9] 142] 141.9] 05.0 261.8 | 09.1 | 
23.0100.8} 83] 82.9| 02.9] 143] 142.9] 05.0 262.8 | 09.2] 
24.0} 00.8] 84] 83.9] 02.9] 144] 143.9] 05.0 263.8 | 09.2 
25.0100.9] 85} 84.9] 03.0] 145| 144.9] 05.1 264.8 | 09.2 
26.0100.9| 86] 85.9] 03.0]146| 145.9] 05.1 265.8 | 09.3 
27.0/00.9] 87] 86.9] 03.0] 147| 146.9] 05.1 266.8 | 09.3 | 
28.0|01.0] 88] 87.9] 03.1] 148] 147.9} 05.2 267.8 | 09.4] 
29.0}01.9| 89] 88.91 03.11 149] 148.9} 05.2 268.8 | 09.4 | 
30.0|01.0] 90] 89.9}03.1) 150] 149.9} 05.2 269,8 | 09.4] 
31.01] 01. 90.9 | 03.2] 151] 150.9] 05.3 270.8 | 09.54 
32.0 91.9 | 03.2 | 1521 151.9] 05.3 271.8 | 09.5 
33.0 92.9 | 03.2] 153| 152.9| 05.3 272.8 | 09.5 | 
34.0 93.9 | 03.3 | 154] 153.9] 05.4 273.8 | 09.6 | 
35.0 94,9 | 03.81155| 154.9} 05.4 274.8 | 09.6 
36.0 95.9 | 08.4] 156] 155.9! 05.4 5 1275.8 | 09.6 | 
37.0 96.9 | 03.4| 157) 156.91 05.5 276.8 | 09.7 
38.0 97.9 | 08.41 158| 157.9] 05.5 277.8 | 09.7 | 
39.0 98.9 | 03.51159| 158.9 | 05.5 278.8 | 09.7} 
40.0 99.9 | 03.51160] 159.9 | 05.6 279.8 | 09.8 | 
41.0 100.9 | 03.51161| 160.9! 05.6 280.8 | 09.8 | 
42.0 101.9 | 03.6 | 162] 161.9 | 05.7 281.8| 09.8] 
43.0 102.9 | 03.6] 163| 162.9] 05.7 282.8 | 09.9 | 
44.0 103.9 | 03.6} 164] 163.9| 05.7 | | 288.8 | 09.9 | 
45,0 104.9 | 03.71 165 | 164.9} 05.8 284.8 | 09.9 | 
5146.0 105.9 | 08.7 1166] 165.9} 05.8 3} 285.8] 10.0} 
47.0 106.9 | 03.7 | 1677 166.9 | 05.8 286:8 | 10.0} 
48,0 107.9 | 03.8] 168 | 167.9] 05.9 287.8 | 10.1 
49.0 108.9 | 03.8] 169] 168.9 | 05.9 288.8 | 10.1 
50.0 109.9 | 03.8] 170} 169.9 | 05.9 289.8 | 10.1 | 
51.0 110.9 | 03.9]171]| 170.9] 06.0 290.8 | 10.2 
52.0 111.9 | 03.9 | 172] 171.9 | 06.0 291.8} 10.2] 
53.0 112.9 | 03.9} 173! 172.9 | 06.0 292.8] 10.2 
54.0 113.9 | 04.01174] 173.9] 06.1 293.8} 10.3] 
55.0 114.9 | 04.0}175| 174.9] 06.1 294.8 | 10.3 
56.0 115.9 | 04.0] 176] 175.9] 06.1 295.8} 10.3} 
57.0 116.9 | 04.1] 177} 176.9] 06.2 296.8 | 10.4 
58.0 117.9 | 04.1] 178] 177.9| 06.2 297.8 | 10.4 
59.0 118.9 | 04.2] 179} 178.9] 06.2 298.8 | 10.4 
60.0 119.9 | 04.21180] 179.9] 06.8 299.8 | 10.5 
Dep. | Lat. | Dist.| Dep. | Lat. | Dist. Dep. | Lat. | Dist.| Dep. Dep. | Lat. 
For 88 Degrees. 57 5 


CR. OMT cs 


& 


Sa mig ngs Fp | 
Oe Ce oe a Sn 
> 
So) 
> 


p15) 15.0 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 8 DEGREES. 
Dist.| Lat. | Dep. 


01.0} 00.1 
(2.0 
03.0 
04.0 
05.0 


Lat. | Dep.| Dist.} Lat. | I 


TABLE IL 


eyen.. at. | Dist. | Dep. 


For 87 Degrees. 


i] ee | | 


140.8 | 07.4 
141.8 | 07.4 
142.8 | 07.5 
143.8 | 07.5 
144.8 | 07.6 
145.8 | 07.6 
146.8 | 07.7 
147.8 | 07.7 
148.8 | 07.8 


149.8 07.9 


150.8 | 07.9 
151.8 | 08.0 
152.8] 08.0 
153.8 | 08.1 
154.8 | 08.1 
155.8| 08.2 
156.8) 08.2 
157.8| 08.8 
158.8] 08.8 
159.8 | 08.4 


160.8} 08.4 
161.8 | 08.5 
162.8 | 08.5 
165.8 | 08.6 
164.8 | 08.6 


}} 165.8 | 08.7 


166.8 | 087 
167.8 | 08.8 
168.8} 08.8 


169.8 | 08.9 


170.8 
171.8 


09.4 
Lat. 


06.8 | 1! 


13] 


Dist. 


2 | 221.7 


| 227.7 


231.7 


239.7 


Sa a ae 


19 
Oh 12%, 


180.8 
181.8 
182.7 
183.7 
184.7 


241} 8 


249 | 248.7 
250 | 249.7 


250.7 
251.7 
252.7 
253.7 
254.7 
255.6 
256.6 
257.6 
258.6 
260 | 259.6 
261 | 260.6 
262 | 261.6 
263 | 262.6 
264 | 263.6 
265 | 264.6 
266 
267 | 266.6 
268 | 267.6 
269 | 268.6 
270 | 269.6 
271 270.6 | 14.2 | 
272 | 271.6 | 14.2| 
3 272.61 14.3 | 
1278.6 | 14.3] 
75 | 274.6 
275.6 |: 
276.6 
277.6 
278.6 
279.6 


220.7 | 
281.6| 14.8] 
3 |282.6| 14.8] 
283.6 14.9 
284.6, 14.9 
; 1285.6 | 15.0] 
286.6} 15.0} 
287.6] 15.1] 
288.6 | 15.1 | 
229.6 | 15.2 


_—$———_-—___ 


290.6 |. 
291.6 
> , 292.6 
293.6 
294.6 
295.6 
296.6 , 15. 
297.6 | 15.6 
298.6 | 15.6 
299.6 | 15.7 | 
Dep. ; Lat. j 
5” 48m, 


ona aed Aa akg 


222.7 
223.71 11.7 
224.7; 11.8 
225.7 
226.7 


228.7 
229.7 


230.7 


232.7 
233.7 
234.7 
235.7 
236.7 
257.7 
238.7 


Dep. | Lat. | Dist. 


20 TABLE 11. 
. DIFFERENCE OF LATITUDE AND DEPARTURE FOR4 DEGREES. 0h 16" 
Dist.) Lat. | Dep. _Dep. Dist.) Lat. Dep. Dist. 
~1 {01.0} 00.1 04.3| 121 | 120.7| 08.4 


Lat. | Dep. | 
240.4) 1684 
241.4] 16.9 | 
242.4 | 17.0 § 
243.4 | 17.05 
244.41 17.15 


| a ee ee 


————— aon deeds eee ama 


02.2] 91 8 | 06.3] 151 
02.2] 9 )1.8 | 06.4 | 152 


140253 8106.5] 153} 152.6} 10.7 272.31 19.05 
9102.4] 94 8 | 06.6 | 154 10.7 278.3|19.1 
02.4 8 | 06.6 10.8 274.3 | 19.2} 
02.5] | 8 | 06.7 10.9 275.31 19.3 | 
02.6 06.8 | 11.0 276.3 | 19.8 
02.7 .8| 06.8 157.6} 11.0 277.3) 19.4 
02.7} 99 8106.9} 159| 158.6} 11.1 278.31 19.58 
02.8 07.01 160] 159.6} 11.2 279.8 | 19.5 f 
02.9 07.0} 161 | 160.6} 11.2 280.3 | 19.6 f 
02.9 07.1] 162] 161.6] 11.3 281.3| 19.7} 
03.0 07.2 162.6] 11.4 282.3 |19.7 

03. 07.3} 164| 163.6] 11.4 283.3 | 19.8 

03.7 .7 | 07.3] 165 | 164.6 | 11.5 284.3119 9 

3.2| 106 | 105.7 | 07.4} 166] 165.6 | 11.6 285.3 | 20.0 

(3.3 | 107 | 106.7 | 07.5 | 167] 166.6] 11.6 286.3 | 20.0 

3.3 7 | 07.5 | 168 | 167.6] 11.7 287.3 | 20.1 

03. 07.6] 169| 168.6] 11.8 ] 226 228.3 | 20.2 
03.5 07.7 169.6] 11.9 [22 289.5 | 20.2 

3. 07.7 170.6| 11.9 | 2% 290.3 | 20.8 

03. 07.8 171.6| 12.0 | 232 291.3 | 20.4 

3,7 .7 | 07.9 172.6| 12.1 | 2838 292.3 | 20.4 

03. 08.0 173.6| 12.1 | 234 293.3 | 20.5 

03. 08.0 174.6| 12.2 | 2385 294.3 | 20.6 
55.9 | 03.9 08.1 175.6} 12.8 | 236 295.3 | 20.6 
56.9 | 04.0 08.2 176.6 | 12.3 | 237 296.3 | 20.7 
57.9 | 04.0 7 | 08.2 177.6| 12.4 | 288 297.3 | 20.8 
98.9 | O4.1 7108.8 178.6] 12.5 | 239 298.3 | 20.9 
99.9 | 04.2 08.4 179.6 | 12.6 | 240 299.3 | 20.9 
pDist.| Dep. | Lat. Dep. | Lat. ! Dist.| Dep. | Lat. |Dist.| Dep. . [Dist.| Dep. | Lat. } 


Al I —_-_.hC or 
For 86 Degrees. . 44m, 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 5 DEUREES. 
wst.| Lat. | Dep. | Dist. 


1} 01.0) 00.1 
2 | 02.0 | 00.2 
3 | 03.0 | 00.3 
4 | 04.0 | 00.3 
5 | 05.0 | 00.4 
6 | 06.0 | 00.5 
7107.0 | 00.6 
8 | 08.0 | 00.7 
9109.0 | 00.8 
10} 10.0 | 00.9 


1121 42.C4 41,0 


(i 33.0 10L1 


y 14) 189 
14.9 


16.9 
17.9 
18.9 
19.9 


20.9 


15.9 | { 


01.2 


88.7 
89.7 


90.7 
91.6 
92.6 
93.6 
94.6 
95.6 


; 96.6 


97.6 
98.6 
99.6 
100.6 
101.6 
102.6 
103.6 
104.6 


>| 105.6 


106.6 
107.6 
108.6 
109.6 
110.6 
111.6 
112.6 
113.6 
114.6 
115.6 
116.6 
117.6 
118.5 


O92 
09.3 
09.4 
09.5 
09.6 
09.7 
09.8 
09.8 
09.9 
10.0 
10.1 
10.2 
10.3 
10.4 
10.5 


}| 135.5 


124.5 
125.5 
126.5 
127.5 
128.5 
129.5 
130.5 
151.5 
132.5 
138. 

134.5 


136.5 
137.5 
158.5 
139.5 


140.5 
141.5 
142.5 
145.5 


190] 189.8 


| Dist. 


ist. _ Lat. 


181 | 150.8 ; 
1821181.3| 15.9 | 242 
183 182.5} 15.9 | 243 
184 183.3] 16.0 | 244 
185 1184.8] 16.1 [245 
186 | 185.3 | 16.2 [246 
Is7,,186.3| 16.8 | 247 
188 | 187.3} 16.4 |: 
189] 188.3} 16.5 


191 | 190.3 
192}191.3 
193 | 192.8 
194 | 193.8 
195 | 194.3} 17.4 


196 | 195.3 | 17.1 | 256 
197 | 196.3} 17.2 | 257 


258 
259 


198 | 197.2 
199 | 198.2 
200 | 199.2 


201 | 200.2 


202 | 201.2) 17.6 | 262 
2038 | 202.2 | 1'7.7 | 26 
204 | 203.2] 17.8 [26 
205 | 204.2] 17.9 


206 | 205.2 
207 | 206.2 
208 | 207.2 
209 | 208.2 
210 | 209.2} 18.3 


211}210.2| 18.4 [271 
212) 211.2) 18.5 | 272 
213 | 212.2] 18.6 | 273 
214] 213.2) 18.7 | 274 
215 | 214.2) 18.7 }275 
216 | 215.2] 18.8 | 276 
217 | 216.2] 18.9 | 277 
218 | 217.2} 19.0 |278 


219 | 218.2 
220 | 219.2] 19.2 


221 | 220.2) 19.3 


222 | 221.2] 19.3 |} 282 
223 | 222.2) 19.4 1288 


224 | 223.11 19.5 
225 | 224.1 
226 | 225.1 
227 | 226.1 
228 | 227.1 
229 | 228.1 
230 | 229.1" 


231 | 230.1 
232 heah.0 } 20:2 


233 | 252.1] 20.3 | 293 | 291.9 | 25.5 9 
234 | 233.1 | 20.4 | 294 | 292.9 | 25.6 | 
5 1295 | 293.9 125.7 5 
> 1296 | 294.9 


Dep. 


| | 243.1 


260 


5 | 284.9 | 24.9 F 


Dist. } Dep. | Lat. 1 


5) 40m, 


Oh 20m, 


240.1 
241.1 
242.1 | 21.2 


244.1 
245.1 : 
246.1|21.5§ 


255.0 | 22.3 | 
256.0 | 22.4 | 
257.0 | 22.5 | 
258.0 | 22.6 | 
"259.0 | 22.7} 
260.0 | 22.7 | 
261.0 


i 


270.0 23.6} 
271.0 23.79 
272.0 28.8 | 
273.0 | 23.9 B 
274.0 | 24.0 § 
274.9 | 24.1 | 
275.9 | 24.1 f 
276.9 | 24.2 | 
277.9 | 24.3 | 
278.9 | 24.4 § 


279.9 | 24.5 | 
280.9 | 24.6 § 
281.9 | 24.7} 
282.9 |24.8 5 
283.9 | 24.8 | 


285.9 | 25.0 
286.9 | 25.18 
287.9 | 25.2 } 
2988.9 | 25.3 | 


289.9 | 25.4) 


25.4 | 
290.9 | 25.4 


295.9 
296.9 
297.9 
298.9 


Coa 


eee eee 
Ce Ot & C9 0 


Lat. 


01.0] 00.1 
02.0 | 00.2 
03.0 | 00.8 
04.0 | 00.4 
05.0 | 00.5 
06.0 | 00.6 
07.0 | 00.7 
08.0 | 00.8 
09.0 | 00.9 


09.9 01.0 
10.9 | 01.1 


11.9] 01.3 
12.9] 01.4 
13,9) 01.5 
14.9 | 01.6 


20.9 | 02.2 


21.9 | 02.3 
22.9 | 02.4 
93,9 102.5 
24.9 | 02.6 
25.9 | 02.7 
26.9 | 02.8 
27.8 | 02.9 
28.8 | 03.0 
29.8 8 03.1 | 


30.8 08.2 


Lat. | Dep. 


60.7 | 06.4 
61.7 | 06.5 
62.7 | 06.6 
63.6 | 06.7 
64.6! 06.8 


TABLE Il. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 6 DEGREES. 


Lat. | Dep. 


Dist. 
12] 

122 
123 
124. 


65.6 | 06.9 | - 


66.6 | 07.0 
67.6 | O7.1 
68.6 | 07.2 

69.6 07.3 


10.6 07.4 4 
71.61 07.5 

72.6 | 07.6 
Tole t 
74.6 | 07.8 


80.6 | 08.5 


81.6 | 08.6 
82.5 | 08.7 
83.5 | 08.8 
84.5 | 08.9 
85.5 | 09.9 
86.5 | 09.1 
87.5 | 09.2 
88.5 | 09.3 
89.5 | 09.4 


90.5 | 09.5 
91.5 | 09.6 
92.5 | 09.7 
93.5 | 09.8 
94.5 | 09.9 
95.5 | 10.0 
96.5 | 10.1 
97.5 | 10.2 
98.5 | 10.3 
99.5 | 10.5 


100.4 | 10.6 
101.4 | 10.7 
102.4 | 10.8 
103.4 | 10.9 
104.4} 11.0 
105.4} 11.1 
106.4] 11.2 
107.4} 11.3 
108.4 | 11.4 


109.4 | 11.5 


110.4} 11.6 
111.4] 11.7 
112.4/11.8 
113.4} 11.9 
114.4} 12.0 


>| 115.4] 12.1 


116.4} 12.2 
117.4 | 12.3 
118.3 | 12.4 
119.3 | 12.5 


“Dep. ‘Lat. 


120.5 
121.8 


—_——— oe + I | SI |] 


For 84 Degrees. 


Dist.| Lat. 


180.0 
181.0 
182.0 
183.0 
184.0 
>| 185.0 
186.0 
8 | 187.0 
188.0 
189.0 


191 | 190.0 
192 | 190.9 
193 | 191.9 
194 | 192.9 
195 | 193:9 
196 | 194.9 
197 | 195.9 
198 | 196.9 
199 | 197.9 


200 | 198.9 


210 | 208.8 
211 | 209.8 
212 | 210.8 
213 | 211.8 
214} 212.8 
215 | 213.8 
216 | 214.8 
217 | 215.8 
218 | 216.8 
219| 217.8 
220 | 218.8 


221 | 219.8 
222 | 220.8 
228 | 221.8 
224 | 222.8 
229 | 223.8 
226 | 224.8 


238 | 236.7 
239 | 2937.7 


240 | 238.7 


rag HEY 
253.6 


Oh 24m, 


204.6 | 20. 
~09.6 | 26. 


256.6 
257.6 


258.6 | 


259.6 


260.6 | : 


261.6 
262.6 
263.5 


264.5 | * 


265.5 
266.5 
267.5 
268.5 


wo 
oO 
<=) 
nw 


Vwi 
So ite 
en ¢ 


WW WNWWW?r 
~F | ~t ~3 ~ ~3 3 -2 2 
¢ OR Ow 
Oren SLOT & 


DIAMNKS 


wo 


289.4 | 30. 


290.4 
291.4 
292A 
293.4 
294.4 
295.4 
296.4 
297.4 
298.4 


9 | 34.7 | 04.3 


9144.7 | 05.5 
3145.7 | 05.6 


2151.6 | 06.3 


_—_—_— | —_—- 


16.9 | 02.1 
17.9 | 02.2 
18.9 | 02.3 


23.8 | 02.9 
24.8 | 03.0 
25.8 | 03.2 
26.8 93.3 
27.8 | 03.4 
28.8 | 03.5 
29.8 | 03.7 


30.8 | 03.8 
31.8} 03.9 
32.8 | 04.0 
33.7 | 04.1 


35.7 | 04.4 
36.7 | 04.5 
37.7 | 04.6 
38.7 | 04.8 
39.7 | 04.9 


40.7 | 05.0] | 


41.7} 05,1 
42.7 | 05.2 
43.7 | 05.4 


46.6 | 05.7 
47.6 | 05.8 
48.6 | 06.0 
49.6 | 06.1, 
50.6 | 06.2 


52.6 | 06.5 
53.6 | 06.6 
54.6 | 06.7 
55.6 | 06.8 
56.6 | 06.9 
57.6 | 07.1 
58.6 | 07.2 
59.6 | 07.8 


Lat. | Dist.| Dep. 


TAB 


120.1 
122) 121.1 
123 | 122.1, 
124 | 123.1 
125 | 124.1 
126 | 125.1 
127 | 126.1 
128 | 127.0 
129 | 128.0 


130 | 129.0 
131 | 130.0} 16.0 


132} 131.0 
153 | 182.0 
134 | 133.0 


135 | 1384.0} 16.5 
136 | 135.0} 16.6 


137 | 136.0 


138 | 137.0 | 16.8 
139 | 188.0} 16.9 
140) 1389.0) 17.1 


iti | 189.9 


| 142] 140.9} 17.8 
[43] 141.9] 17.4 ]208 


146 | 144.9] 17.8 


147 | 145.9 


159.8 
160.8 
161.8 
162.8 
163.8 
164.8 
165.8 
166.7 
167.7 
168.7 
159.7 
170.7 
TIL? 
172.7 
173.7 
174.7 
175.7 
176.7 
TG 

78.7 


LE Ul. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR' DEGREES. 0hosm, | 


14.7 
14.9 
15.0 
15.1 
15.2 
15.4 
15.5 
15.6 
15.7 
15.8 


39.2 | 29.4 
242 | 240.2 | 29.5 | 
248 | 241.2 | 29.6 | 
244 | 242.2 | 29.7] 
245 | 243.2 | 29.9 | 
246 | 244.2} 30.0 
247 | 245.2 | 30.1 
248 | 246 2 | 30.2 | 
249 | 247.1 130.3 | 
250 | 248.1 | 30.5 F 
251 | 249.1 | 30.6 § 
4 | 252] 250.1 | 30.7 § 
5 | 258 | 251.1 | 30.8 j 
254 | 252.1/31.0} 
255 |258.1]31.1] 


182 180.6| 22.2 
183 | 181.6} 22.3 
184] 182.6| 22.4 
185 | 183.6 ' 22.5 
186 | 184.6! 22.7 
187! 185.6| 22.8 
188 | 186.6 | 22.9 
189 | 187.6 | 23.0 
190| 188.6] 23.2 


16.1 
16.2 
16.3 


16.7 


259 | 257.1 | 31.6] 
260 | 258.1 | 31.7 | 
261 | 259.11 31.8} 
262} 260.0 81.9 
263 | 261.0 | 82.1] 
264 | 262.0 | 82.25 
265 | 268.0 | 82.3 § 
266 | 264.0 | 82.4 f 
267 | 265.0 | 82.5 
268 | 266.0 | 32.7 § 
267.0 | 82.8 | 
268.0 | 82.9 | 
269.0 | 33.0 f 
270.0 |33.1] 
271.0 | 33.3 f 
272.0 | 33.4] 
273.0 | 33.54 


17.2 [201 


203.5 | 25.0 
206 | 204.5 | 25.1 
207 | 205.5 | 25.2 
206.4} 25.3 
207.4) 25.5 
208.4 | 25.6 


209.4 | 25.7 
210.4} 25.8 
213 | 211.4} 26.0 
212.4} 26.1 
213.4] 26.2 
214.4] 26.3 
217 | 215.4] 26.4 


17.9 


274.9 | 338.8 


216.4] 26.6 275.9 | 33.9] 
217.4) 26.7 1276.9!34.0] 
220 | 218.4 | 26.8 277.9 | 84.1 


19.6 | 221 | 219.4 278.9 | 34.2 9 
19.7 | 222 | 220.3 279.9 | 34.4 | 
19.9 | 223 | 221.3 | 280.9 | 34.5 | 
20.0 | 224 | 222.5 281.9 | 84.6 | 
20.1 | 225 | 223.3 282.9 | 34.7 | 
20.2 | 226 | 224.3 283.9 | 34.9 | 
20.4 | 227 | 225.3 284.9 | 35.0 F 
20.5 | 228 | 226.3 285.9 , 35.1 f 
20.6 | 229 | 227.3 286.8 | 85.2 | 
20.7 | 280 | 228.3 287.8 | 35.3 § 


288.8 | 35.5 | 
292 | 289.8 | 35.6 
8 | 290.8 | 35.7 § 
291.8 | 35.8] 
292.8 | 36.0} 
293.8 | 36.1] 


231 | 229.3 
232 | 230.3 
233 | 251.5 
234 | 282.5 
235 | 235.2 
236 | 234.2 
237 | 235.2 
238 | 236.2 

237.2 
240 | 238.2 


For 88 Degrees. 


273.9 | 33.6 


24 


OMI anthWw-e 


— 


ot on ont ont 
~ 


Or pw Ce 0 


qn 


156 | 55. 


Dist. Lat. Dep. 


“TABLE Il. 


Dist. 


119.8] 16.8 


120.8] 17.0 

5H ie 84 ee) is by os | 
132.8517.3 
123.8 | 17.4 
124.8] 17.5 
12538 Vi sey 
126.8} 17.8 
127.7] 18:0 
128.7] 18.1 
129.7] 18.2 
130.7} 18.4 
131.7} 18.5 
132.74 1SG 
133.7] 18.8 
134.7} 18.9 
135.7] 19.1 
186.707 Boe 
137.7) 19.3 
138.6} 19.5 
189.6| 19.6 
140.6} 19.8 
141.6} 19.9 
142.6} 20.0 
143.6] 20.2 
144.6} 20.3 
145.6} 20.5 
146.6} 20.6 
147.5} 20.7 
148.5 | 20.9 
149.5] 21.0 
150.5)4-21,2 1212 
151.5) 21/342138 
152.5} 21.4 | 214 
153.5} 21.6 | 215 
154.5 | 21.7 }216 
155.5 | 2429 4917 
156.5 | 22.0 1218 
157.5} 22.1; 1219 
158.4} 22.3 [220 
159.4} 22.4 1221 

2| 160.4] 22.5 1222 
161.4] 22.7 [2238 
162.4] 22.8 | 224 
163.4 | 23.0 [225 
164.4} 23.1 ]226 
165,45 23.2 4207 
166.4] 23.4 ]228 
167.4} 23.5 | 229 
| 168.3 | 23.7 | 230 
169.3 | 23.8 | 231 
170.3 | 23.9. 1232 
171.3)} 24.15) 233 
172.3} 24.2 | 234 
173.3 | 24.4 [235 
174.3} 24.5 [236 
175.3} 24.6 [237 
176.3 | 24.8 | 238 
177.3 | 24.9 [239 
178.3 | 25.1 | 240 


Dep. Lat. | Dist. 


For 82 Degrees. 


Lat. 


179.2 
180.2 
181.2 
182.2 


237.7 
Dep. 


| 242.6] 2 


248.6134.9 


2 | 252.5 | 35 


. -6) = 6) 
9538.5) | 32 
) 


| 
| 


w~ cots 1 toe 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 8 DEGREES. 0h 82m, 
Dist. Lat. 


QS lane 
239.6 | 33. 
240.6 | 33. 
241.6] 34. 


243.6 | 34.2 
244.6 | 34. 
945.6 | 84. | 
246.6 | 384-74 
247.6 | 84.8 } 


949.51 35/1 
250. | 85.2} 


2515/3531 


261.4 | 56.7 
262.4 | 86.9 


> | 268.4 | 3'7.0 


264.4 | 27.2 
265.4 | 57.3 
266.4 | 57.4 
267.4 | 37.6 
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Psthy H odlo 

Ne) 
: = 

<2) 


ow 
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“ 

we 

~ 

— 
ae 


we 


39.16 _% 
39.28 869§ 8 
2) 89.4 
281.2] 30.5 
282.2 | 39.7 | 


~ 
— 
. . 


a 


=a es 


286 | 283.2 | 39.8 | 


284.2 | 39.9} 
285.2 | 40.1 | 
286.2 | 40.2 | 
287.2 | 40.4] 
288.2 | 40.5 
289.2 | 40.6 
290.1 | 40.8 
291.1} 40.9 
292.1; 41.1 


3 | 293.1 | 41.2 


294.1 | 41.3 
295.1} 41.5 
296.1 | 41.6 
297.1 | 41.8 


Dep. | Lat. 
5b Qaim, 


— 
ct 


= 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 9 DEGREES. 


4 Lat. i Dep. 


77) 


Lat. | Dep. | Dist. 


COMI Qe WwW 


09.9] 01.6] 70 


119.5] 18.9 
120.5] 19.1 
121.5| 19.2 
122.5} 19.4 
123.5 | 19.6 
5} 124.4) 19.7 
125.4} 19.9 
126.4 | 20.0 
127.4 | 20.2 
128.4] 20.3 
129.4 | 20.5 
130.4 | 20.6 
131.4] 20.8 
132.4] 21.0 
133.3 | 21.1 
)1 134.3] 21.3 
135.3 | 21.4 
186.3 | 21.6 
137.3} 21.7 
138.3 | 21.9 


Dist.| Lat. Dep. | Dist. 


139.3 | 22.1 
140.5 | 22.2 
141.2] 22.4 
142.2} 22.5 
143.2 | 22.7 
51 144.2] 22.8 
"145.2 | 28.0 
146.2] 23.2 
147.2} 23.5 
148.2} 23.5 


149.1 | 23.6 
150.1 | 23.8 
POV A 23.9 


167.9| 266 


25.8 
26.9 
27.1 
27.2 
27.4 
27.5 
27.7 
27.8 
28.0 
28.2 


For 81 Degrees. 


Lat. 1! Dist. 


26 


Dist. Dep. 1 Lat. Dist. 


. Be 2), 
Dep. | Lat. | Dist. | Dep. 


Dep. 
For 80 Degrees. 


04.9 
30.1 
39.5 
39.4 
39.6 
39.8 
35.9 
36.1 
36.3 
36.5 


36.6 


36.8 
37.0 
37.2 
37.3 
37.5 
37.7 
37.9 
38.0 
38.2 


—————| ————__ | J | SS 


Dist. 
241 
242 


Lat. | Dep. 


237.3 41.8 
238.3 | 42.0] 
243 | 239.8 | 42.2 | 
244 | 240.3 | 42.4 | 
245 | 241.3 | 42.5] 
246 | 242.3 | 42.7 | 
247 | 243.2 | 42.9 


{ 


248 | 244.2] 43.1 | 


250 | 246.2 | 43.4] 
251 | 247.2 | 438.65 
252 | 248.2 | 43.8 | 
253 
254 | 250.1! 44.1 
255 |251.1 44.3 | 
256 
257 | 
258 | 254.1 | 44.8 | 
259 | 255.1 | 45.0 


253.1 | 44.6 


262 | 258.0 | 45.5 
2638 | 259.0 | 45.7 
264 
265 
266 
262.9 | 46.4 | 
268 | 263. 


264.9 


a fa. | ee 


267.9 | 47.2 | 
269.8 


276 | 271.8 | 47.9 
277 | 272.8 | 48.1 | 


279 | 274.8 | 48.4 
280 | 275.7 | 48.6 


281 | 276.7 
282 | 277.7 | 49.0} 
283 | 278.7 | 49.1] 
284 | 279.7 | 49.3] 
285 | 280.7 | 49.5] 
286 | 281.7 | 49.7 | 


288 | 283.6 | 50.0 | 
289 | 284.6 


290 | 285.6 | 50.4] 


291 | 286.6 | 50.5 | 
292 | 287.6 ; 50.7 | 
293 ; 288.5 | 50. 

294 | 289.5 
295 | 290.5 
296 | 291.5 
297 | 292.5 
298 | 293.5 
299 | 294.5 
300 | 295.4 | 52. ; 
Dist.| Dep. | Lat. | 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 10 DEGREES. 0h 40m, 
[Dist.| Lat. | Dep.| Dist.] Lat. | Dep. | Dist. Lat. | Dep. 
fF 1/01.0]} 00.2] 61] 60.1 | 10.6 21.0 | 181 1178.3 
2/ 02.0} 00.3] 62) 61.1) 10.8 21.2 11821 179.2 
3 | 03.0 | 00.5 3 62.0} 10.9 21.4 | 183] 180.2 
1 4103.9/00.7} 64] 63.0) 11.1 21.5 | 184] 181.2 
51 04.9100.9] 65! 64.0} 11.38 21.7 | 185} 182.2 
1 6105.9] 01.0] 66] 65.0; 11.5 21.9 1186} 183.2 
| 7106.9] 01.2] 67] 66.0} 11.6 22.1 | 187] 184.2 
| 8107.9! 01.4] 68] 67.0] 11.8 22.2 }188] 185.1 
9} 08.9} 01.6] 69] 68.0] 12.0 22.4 1189} 186.1 
10} 09.8 01.7] 70} 68.9] 12.2 22.6 1190] 187.1 
$11310.8;01.9] 71] 69.9 3 Pde | 188.1 
£12/11.8/02.1] 72] 70.9 22.9 189.] 
13112.8 | 02.31 73] 72.9 23.1 190.1 
14} 13.8) 02.4} 74] 72.9 23.0 191.1 
15] 14.8] 02.6] 75] 73.9 23.4 192.0 
16/15.8|02.8] 76] 74.8 23.6 193.0 
eT 16271) Ode RTT) U7D8 194.0 
918) 17.7| 93.1] 78] 76.8 195.0 
119} 18.7} 03.38] 79] 77.8 196.0 
201 19.7] 038 78.8 197.0 
121 | 20.7 | 03.6 79.8 197.9 
122 | 21.7 | 03.8 80.8 198.9 
123 | 22.7 | 04.0 81.7 199.9 
124 123.6| 04.2] 84] 82.7 200.9 
25 124.6|04.3] 85]! 83.7 201.9 
26 |25.6|04.5] 86] 84.7 202.9 
27 | 26.6) 04.7] 87] 85.7 203.9 
1 28 | 27.61 04.9] 88! 86.7 204.8 
129 | 28.6] 05.0] S89] 87.6 205.8 
830129.5) 05.2] 90] 88.6 206.8 
31/|30.5| 05.4] 91] 89.6 207.8 
32131.5]05.6} 92] 90.6 2 | 208.8 
39 132.5105.7] 93} 91.6 209.8 
34) 33.5}05.91 941 92.6 | 210.7 
35 |34.5|06.1] 95} 93.6 PA bii§ 
36 135.5 | 06.3] 96] 94.5 : 1 2.7 
137 |36.4)06.41 97] 95.5 213.7 
38 | 37.4] 06.6] 98] 96.5 214.7 
39 | 38.4|06.8] 99] 97.5 215.7 
40] 39.4/06.9}100) 98.5 216.7 
41} 40.4] 07.1] 101} 99.5 217.6 
42 | 41.4 | 07.3] 102| 100.5 218.6 
43 | 42.3 | 07.51 103 | 101.4 219.6 
44 | 43 3 | 07.6] 104] 102.4 220.6 
45 | 44.3 | 07.8 | 105 | 103.4 221.6 
46 | 45.3 | 08.0] 106 | 104.4 26 | 222.6 
47 | 46.3 | 08.2 | 107 | 105.4 223.6 
48 |'47.8 | 08.35] LO8 | 106.4 224.5 
49} 48.3 | 08.5 | 109 | 107.3 PPA TA, 
50 | 49.2 | 08.7] 1101) 108.3 226.5 
51 150.2} 08.91111)109.3 paat Br 
52 | 51.2 | 09.0] 112}110.8 228.5 
153 | 52.2 | 09.2] 113] 111.3 229.5 
54 | 538.2 | 09.4) 114] 112.8 230.4 
155 | 54.2 | 09.611151118.3 231.4 
56 155.1 | 09.71116 1114.2 232.4 
57 | 56.1 | 09.9] 1171 115.2 233.4 
58 | 57.1} 10.1] 1181 116.2 | 20. 234.4 
59 158.1 |10.21119] 117.2] 20.7 1791703 235.4 
60 | 59.1 | 10.41 120 20.8 |180 | 177.3 236.4 


5h 20m, § 


249 | 245.2 | 43.2 


249.2143 9f 


252.11 44.5 | 


260.0 | 40.8 } 
261.0 | 46.0 § 
262.0 | 46.2 5 


46.5 | 


266.9 | 47.1] 
268.9 | 47.4 | 
47.6} 
270.8 | 47.8 | 


48.8 | 


260 | 256.1 | 45.14 
261 | 257.0 | 45.3 f 


46.7 f 


278 | 273.8 | 48.3} 


R 


287 | 282.6 | 49.8 
50.2 § 


TABLE IL 


Py 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 11 DEGREES. 0h 44m, 


Dist.| Lat. _Dep. Dist.| Lat. 


01.0 | 00.2 
02.0 | 00.4 
02.9 | 00.6 
03.9 | 00.8 
04.9 |} 01.0 
05.9} 01.1 
06.9 | 01.8 
07.9} 01.5 
08.8 | O1.7 
09.8 | 01.9 


11: 21 


10.8 
11.8 | 02.3 
12.8 | 062.5 
14} 13.7 | 02.7 
14.7 | 02.9 
03.1 
03.2 
03.4 
3.6 
03.8 
6 | 04.0 
>| 04,2 
22.6 | 04.4 
23.6 | 04.6 
24.5 | 04.8 
20.0/ 00.0 
26.5 | 05.2 
OF 5109.3 
28.5 | 05.5 
29.41 05.7 


—" 
COMNAUNIRWNHHE 


05.9 
06.1 
06.3 
06.5 
06.7 
06.9 
Ov.1 
07.3 
07.4 
07.6 


40.2 | 07.8 
41.2} 08.0 
42.271 08.2 


44.2 | 08.6 


49.1 


53 152.0] 10.1 


96.9 | 11.1 


45.2 | 08.4 


45.2/ 08.8 
46.1 | 09.0 
47.1 | 09.2’ 
48.1 | 09.3) 
09.5 
50.1 | 09.7 
51.0 | 09.9 


53.0 |.10.5 
54.0 | 10.5 
55.0 | 10.7 
56.0 10.9 


97.9} 11.8 
98.9 | 11.4 


Dist} Dep.| Lat. |Dist.! Dep. | 


61 


Dep. | Dist.| Lat. | Dep. Lat. 
59.9 | 11.6 118.8} 23.1 | 181} 177.7 
60.9} 11.8} 122] 119.8] 23.3 | 182] 178.7 
61.8 | 12.0} 123) 120.7] 23.5 |183| 179.6 
62.8 | 12.2| 124] 121.7] 23.7 | 184] 180.6 
63.8 | 12.4| 125 | 122.7] 23.9 | 185 | 181.6 
64.8 | 12.6} 126 | 123.7] 24.0 | 186! 182.6 
65.8 | 12.8| 127| 124.7] 24.2 | 187! 183.6 
66.8 | 13.0] 128 | 125.6] 24.4 | 188] 184.5 
67.7 | 18.2] 129 | 126.6] 24.6 | 189!185.5 
68.7 | 18.4] 1380 | 127.6] 24.8 1190] 186.5] 36. 
69.7 | 18.5] 181] 128.6] 25.0 [191] 187.5 
70.7 | 13.7] 182] 129.6} 25.2 1192] 188.5 
71.7|13.9| 133 | 130.6 | 25.4 189.5 
72.6 | 14.1] 184] 131.5} 25.6 190.4 
73.6|14.8| 135] 132.5] 25.8 191.4 
74.6|14.5| 136 | 133.5] 26. 192.4 
75.6 | 14.7] 187] 184.5] 26.1 193.4 
76.6 | 14.9] 138] 135.5} 26.3 194.4 
77.5 115.1] 139 | 136.4] 26.5 195.38 
78.5 | 15.3] 140 | 187.4] 26.7 196.3 
79.5 | 15.5] 141} 138.4] 26.9 |} 201] 197.3 
80.5 | 15.6] 142} 139.4] 27.1 198.3 
81.5|15.8| 143/140.4| 27.3 199.3 
82.5 116.0] 144) 141.4] 27.5 200.8 
83.41 16.2] 145 | 142.3] 27.7 201.2 
84.4] 16.4] 1461 143.3} 27.9 202.2 
85.4 | 16.6] 147 | 144.3 | 28.0 | 203.2 
86.4| 16.8] 148 | 145.3] 28.2 204.2 
87.4} 17.0| 149 | 146.3} 28.4 205.2 
88.3 | 17.2] 150} 147.2! 28.6 206.1 
89.3 | 17.4] 151] 148.2} 28.8 207.1 
90.3 | 17.6 | 152 | 149.2} 29.0 208.1 
91.3 | 17.7 | 153] 150.2 | 29.2 209. | 
92.3} 17.9] 154] 151.2} 29.4 210.1 
93.3 | 18.1] 155 | 152.2] 29.6 211.0 
94.2} 18.3] 156| 153.1} 29.8 212.0 
95.2|18.5] 157) 154.1| 30.0 213.0 
96.2|18.7] 158] 155.1] 30.1 214.0 
97.2 | 18.9] 159 | 156.1] 30.3 215.0 
98,2} 19.1] 160] 157.1] 305 216.0 
99.1} 19.3] 161 | 158.0] 30.7 216.9 
100.1 | 19.5] 162] 159.0] 30.9 | 222 | 217.9 
101.1 | 19.7] 163 | 160.0} 31.1 218.9 
102.1 | 19.8] 164] 161.0} 31.3 219.9 
103.1 | 20.0] 165] 162.0] 31.5 | 225 | 220.9 
104.1 | 20.2] 166 | 163.0} 31.7 221.8 
105.0 | 20.4] 167] 163.9} 31.9 222.8 
106.0 | 20.6] 168 | 164.9} 32.1 223.8 
107.0 | 20.8] 169 | 165.9 | 32.2 Q24.8 
108.0 | 21.0] 170! 166.9} 32.4 225.8 
109.0 | 21.2] 171 | 167.9| 32.6 226.8 
109.9 | 21.4] 1721168.8| 32.8 20717 
110.9 | 21.6] 173 | 169.8 | 33.0 228.7 
111.9 | 21.8] 174] 170.8} 33.2 229.7 
112.9 | 21.9] 175|171.8| 33.4 230.7 
113.9 | 22.1] 176| 172.8] 33.6 231.7 
114.9 | 22.3| 177} 173.7] 33.8 232.6 
115.8 | 22.5] 178 | 174.7] 34.0 233.6 
116.8 | 22.7] 179 | 175.7 | 34.2 234.6 
117.8 | 22.9] 180] 176.7] 34.3 235.6 
Dep. | Lut. ! Dist.! Dep. | Lat Dep 


Kor 79 Degrees. 


Dep. 


34.5 
34.7 
34.9 
35. | 
35.3 
39.9 
35.7 
30.9 
36.1 


36.4 | 251 
36.6 | 252 
36.8 [253 
37.0 | 254 
37.2.1 200 
37.4 | 256 
37.6 | 257 
37.8 | 258 
38.0 | 259 
38.2. 1260 
38 4 261 
38.5 | 262 
38.7 | 265 
38.9 | 264 
39.1 1265 
39.3 | 266 
39.5 | 267 
39.7 [268 
39.9 [269 
40.1 7270 
40.3 1271 
40.4 | 272 
40.5 [273 
40.8 | 274 
41.0 | 275 
41.2 [276 
41,4 [277 
41.6 | 278 
41.8 |279 
4.0 |280 
42,2 [281 
42.4 }282 
42.6 |283 
42,7 | 284 
12.9 | 285 
43.1 | 286 
43.3 | 287 
3.5 1288 
43.7 1289 
43.9 }290 
44.1 | 291 
44.3. 1292 
44.5 | 298 
44.6 | 294 
44.8 {295 
45.0 | 296 
45.2 | 297 
45.4 {298 
45.6 | 299 
45.8 | 300 
Lat. . | Dist. 


(| 252.8 


>| 290.6 | 5 
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282. 
283.7 
284.7 | 55.3 | 
285.71 a0 
286.6 | 55. 
287.6 | : 
288.6 | 5 
289.6 15 


sd 


ROT O..8 
292.5 | 56.9 | 
293.5 157.1 4 
294.5 1957.2] 
Dep. H Lat. : 


5h jom, 


SE 2 


= TABLE IL. : 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 12 DEGREES. 0h 48m, 


Lat. Dep Dist. Lat. Dep. Dist.| Lat. | Dep. 
118.4] 25,2 177.0| 37.6 | 241 |235.7| 50.1} 
119.3| 25.4 178.01 37.8 | 242 1286.71 50.3 | 
120.3 | 25.6 179.0| 38.0 [243 | 287.7 | 50.5 f 
121.3] 25.8 130.0! 38,3 {244 | 238.7 | 50.7 | 
122.3} 26.0 181.0] 38.5 | 245 | 239.6} 50.9 | 
123.2] 26.2 181.9] 38.7 | 246 | 240.6] 51.1] 
124.2} 26.4 182.9] 38.9 | 247 | 241.6 51.4] 
125.2 | 26.6 183.91 39.1 | 248 | 242.6 '51.6] 
126.2 | 26.8 184.9| 39.8 |249 | 243.6: 51.8] 
127.2] 27.0 185.8 | 39.5 [250 }244.5 52.0] 
128.1] 27.2 186.8} 39.7 1251 | 245.5 | 52.2 | 
129.1} 27.4 187.8| 39.9 | 252 | 246.5 152.4] 
130.1 | 27.7 188.8} 40.1 | 253 | 247.5 | 52.65 
131.1] 27.9 189.8| 40.8 1254] 248.4}52.8} 
132.0} 23.1 190.7 | 40.5 1255} 249.4 | 53.0] 
133.0] 28.3 191.7] 40.8 | 256 | 250.4 | 53.2] 
134.0} 28.5 192.7| 41.0 [257 | 251.4 | 53.4] 
135.0 | 28.7 193.7| 41.2 |258 | 252.41 53.6} 
136.0 | 28.9 194.7| 41.4 | 259 | 253.3] 53.8 ¢ 
136.9 | 29.1 195.6] 41.6 }260 | 254.3 | 54.1 | 
141 | 137.9} 29.8 196.6] 41.8 ]261 255.8 54.3] 
138.9 | 29.5 197.6] 42.0 | 262 1256.3 | 54.5 | 
139.9 | 29.7 198.6 | 42.2 | 268 1257.3 1.54.7 | 
140.9 | 29.9 264 | 958.2 | 54.9 f 
141.8] 30.1 265 | 259.2 |55.1§ 
142.8 | 30.4 266 | 260.2 | 55.3 | 
143.8 | 30.6 267 | 261.2 | 55.5 § 
144.8; 30.8 268 | 262.1 | 55.7) 
145.7| 81.0 269 | 268.1 | 55.94 
146.7; 31.2 270 | 264.1 | 56.1} 


147.7} 31.4 271 | 265.1 | 56.5 
148.7 | 31.6 272 | 266.1 | 56.6 


149.7} 81.8 267.0 | 4 


150.6 | 32.0 268.0 | 57. 
151.6] 82.2 


152.6 | 32.4 
153.6 | 32.6 
154.5 | 32.9 


51270.0 | 57.4} 
270.9 


8 
4 
5 1269.0 | 57.2 | 
6 
i | 
8 | 271.9 | 57.8 


VIWwWwwnwe 
Ficdiespae) peak 


re 
lu 


59 | 155.5 | 33.1 279 | 272.9 | 58.0 f 
160 | 156.5 | 53.5 a. 280 | 273.9 | 58.2 | 
161] 157.5} 3835 216.2| 45.9 [281 | 274.9 | 58.4 | 

158.5 | 33.7 217.1 | 46.2 | 282 | 275.8 me 
159.4 | 33.9 218.1] 46.4 | 283 | 276.8 | 58.8 f 
160.4 | 34.1 219.1 | 46.6 [284 4277.8 | 59.0 | 
161.4} 34.5 220.1] 46.8 | 285 | 278.8 | 59.3 | 
162.4 | 34.5 221.1] 47.0 | 286 | 279.8 |59.5 | 
163.4} 34.7 222.0 | 47.2 | 287 | 280.7 | 59.7 | 
164.3 | 54.9 223.0 | 47.4 | 288 | 281.7159.9 5 
165.3 | 55, 224.0} 47.6 | 289 | 282.7 | 60.1 
166.3 | 55.5 225.0 | 47.8 1290 1283.7 60.3. 
167.3 | 55.6 226.0} 48.0 | 291 | 284.6 | 60.5 | 
168.2 | 55.8 226.9 | 48.2 | 292 | 285.6 | 60.7 | 
169.2 | 36.0 227.9| 48.4 | 293 | 286.6 1 60.9 | 
170.2] « 228.9 | 48.7 | 294 | 287.6 | 61.1 
171.2 229.9 | 48.9 | 295 | 288.6 | 61.3 
172.2 230.8 | 49.1 | 296 | 289.5 | 61.5 
173.1 231.8] 49.3 | 297 | 290.5 | 61.7] 
174.1 232.8 | 49.5 | 298 | 291.5 | 62.0 
175.1 233.8 | 49.7 | 299 | 292.5 | 62.2 
176.1 234.8 | 49.9 | 300 | 293.4! 62.4 
Dep. Dist.| Dep. | Lat. | Dist.; Dep ; Lat. 


For 78 Degrees. 


‘TABLE i eh 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 13 DEGREES. 


Dist. Liat. Dep. | Dist.} Lat. Dep. Dist. Lat. | Dep. 
1 i }01.0|00.2] 61] 59.4] 13.7] 1211117.9| 27.2 
1 2101.9100.4] 62] 60.4] 13.9] 122]118.9]| 27.4 
2 3102.9|00.7] 63] 61.4] 14.2] 123] 119.8] 27.7 
4 1 03. 9100.91 64] 62.4] 14.4] 124] 120.8| 27.9 
: 5 0-4. ie 65] 63.3] 14.6] 125} 121.8] 28.1 
q 6 05.8 66} 64.3] 14.8] 126 | 122.8] 28.3 
1 7106.8} 01.6] 67] 65.3] 15.1] 127] 123.7] 28.6 
: 8 O7.8101.8] 68] 66.8] 15.3} 128] 124.7] 28.8 
4 9108.8] 02.0] 69] 67.2115.5] 129} 125.7] 29.0 
10 | 09.7} 02.2] 70} 68.2} 15.7} 130] 126.7] 29,2 
11110.7/02.5] 71} 69.2] 16.0] 131 | 127.6} 29.5 
p12411.71 02.7] '72{ 70.2| 16,2) 132 | 128.6} 29.7 
113} 12.7/02.9] 73] 71.1] 16.4] 133] 129.6] 29.9 
114/136/03.1] 74] 72.1116.6] 134] 180.6 |-30.1 
15} 14.6/03.4] 75] 738.1] 16.9} 135]. 30.4 
16] 15.6103.6] '76| 74.1] 17.1] 186 30.6 
17 6.6, | 03.8 47| '75.0|17.3| 137 30.8 
$18}17.5/04.01 78} 76.0117.5] 138 31.0 
1191 18.5104.38] 79] 77.0117:8] 139 ree 
}20 | 19.5}04.5) SO] 77.9] 18.0] 140 31.5 
121 120.5/04.7] 81! 78.9] 18.2] 141 31-7 
#22} 21.4/04.9] 82] 79.9] 18.4] 142 31.9 
123 122.4/05.2] 83] 80.0) 18.7] 143 32.2 
124) 23.4/05.4] 84} 81.8]18.9] 144 32.4 
125 |24.4105.6] 85] 82.8] 19.1] 145 32.6 
126 25.3/05.8] 86] 83.8] 19.3] 146 32.8 
127 | 26.3106.1] S87] 84.8/19.6] 147 33.1- 
28 | 27.3106.8] 88} 85.71 19.8] 148 33. 
£25) 128.3106.5] 89} 86.7; 20.0] 149 33.5 
130 | 29.2) 06.7] 90] 87.7 | 20.2] 150 33 
131}30.2107.0] 91] 88.7|20.5] 151 34.0. 
132 [31.21 07.2] 92] 89.6] 20.7] 152 34.2 
133 132.21 07.4] 93} 90.6] 20.9] 153 34.4 
$4133.11 07.6] 94] 91.6] 21.1] 154 34.6 
135134.1]07.9] 95] 92.6] 21.4] 155 34.9 
36 135.1]08.1].96| 93.5121.6] 156 35.1 
137136.1]08.31 97} 94.5|21.8] 157 35.3 
138137.0108.5] 98] 95.5] 22.0] 158 35.5 
139138.0108.8] 99} 96.5} 22.3] 159 35.8 
140 | 29.0} 09.0] 1001 97.4} 22.5 | 160 36.0 
H41 39.9|09.21101| 98.4} 22.7] 161 36.2 
42 740.9109.41 102] 99.4] 22.9] 162 36.4 
} 43 | 41.9 | 09,7] 103 | 100.4 | 23.2] 163 36.7 
H 44 | 42.9 | 09.9] 104] 101.3 | 23.4] 164 36.9 
745 | 43.8] 10.1] 105 | 102.3 | 23.6 | 165 37.1 
146 | 44.8] 10.3] 106 | 103.3 | 23.8 | 166 37.3 
147} 45.8| 10.6] 107 | 104.3 | 24.1 | 167 37.6 
148 146.8} 10.8] 108} 105.2 | 24.31 168 37.8 
149 147.71 11.0] 109 | 106.2 | 24.5 | 169 38.0 
1501 48.7] 11.2] 110] 107.2 | 24.71170 38.2 
#51 149.71 11.5] LIL] 108.2] 25.01171 38.5 
1 52150.7/ 11.7] 112] 109.1 | 25.2] 172 38.7 
53 151.61 11.9] 113] 110.1 | 25.4] 173 38.9 
54152.6} 12.1] 114] 111.1 | 25.6] 174 39.1 
155 153.6] 12.4] 115} 112.1 | 25.9}.175 39.4 
156 154.61 12.6] 116] 113.0 | 26.1] 176 39.6 
157 155.5 | 12.8] 117] 114.0] 26.8] 177 39.8 
158156.5 | 13.0] 118 | 115.0] 26.5] 178 40.0 
59 157.5 | 13.31 119 | 116.0] 26.8] 179 40.3 
60138.5113.5 | 120] 116.9 | 27.0] 180 40.5 
b Dist. Dist] Dep. | T Lat. Dist.| Den. | Lat. ? Dist. | Lat. 


For 77 Degrees. 


Dist. 


Dist. 


181 
182 


Lat. 


176.4 
177 eo 


213 
214/2 
21h. 
216) 2 
217/214 
218 ae 
219 | 213.4 
220 214.4 
221 | 215.3 
222 2163 
223 | 217.3 
224 | 218.3 
225 | 219.2 
226 | 220.2 
221 | 221.2 
228 | 222.2 
229 | 223)1 
230 | 224.1 
231 | 225.1 
232 | 226.1 
233 | 227.0 
234 | 228.0 
235 | 229.0 
236 | 230.0 
237 4230.9 
288 | 231.9 
239 | 232.9 
240 | 233.8 
Dep. 


Oh 62m, 
Dep. Lat.. | Dep. } 
40.7 234.8 | 54.2 
4.9 1242 | 235.8 | 54.4 
41.2 |243 | 286.8 | 54.7 
41.4 | 244 | 237.7 | 54.9 
41.6 (245 | 228.71 55.1 
41.8 |246 | 239.7 | 55.3] 
42.1 [247 | 240.7 | 55.6 
42.3 1248 | 241.6|55.8 


42.5 
42.7 


244.6 


262.1 
263 _L 
264.1 
2 | 265.0 
3 | 266.0 
267.0 
268.0 
268.9 
269.9 
270.9 


Ww 
~ 
> oo 
cp 


So Sd So So 2 =} 2k =2 | 


IWWwWNWNMWWN 


DD @®D =F =} =~) ~~) 
Dine eee eat ae ol 


242.6 | é 
248.6 | 5 


30 T AB Li i. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 14 DEGREES. 0b 56m, 


Dist.| Lat. | Dep.| Dist.| Lat. | Dep. | Dist.| Lat. 


J] +~ j-— ——— | 
~ 


11 01.0 14.8] 121 | 117.4 181 | 175.6| 43.8 ees os 
2101.9 15.0| 122| 118.4 21176.6| 44.0 |242 | 234.81 58.55 
3 | 02.9 15.2| 123} 119.3 177.6| 414.3 | 243 | 235.8 ' 58.8} 
4/ 03.9 15.5 | 124 | 120.3 178.5; 44.5 |244|286.8|59.0} 
1 5104.9 15.7] 125 | 121.8 179.5 | 44.8 | 245 | 237.7) 59.34 
6 | 05.8 16.0] 126 | 122.8 180.5| 45.0 |246 | 288.71 59.5 & 
7 | 06.8 16.2| 127} 123.2 181.4| 45.2 | 247 |239.7| 59.8] 
8 {07.8 16.5] 128 | 124.2° s1182.4| 45.5 1248 | 240.6] 60.05 
9 | 08.7 16.7] 129 | 125.2 183.4! 45.7 1249 |241.6| 60.2} 


16.9] 130] 126.1 
17.2] 1381 | 127.1 
1'7.4] 1382] 128.1 
17.7] 158 | 129.0 
17.9} 134 | 130.0 
18.1} 135 | 131.0 
18.4] 136 | 132.0 
18.6] 137 | 132.9 
18.9] 138 | 153.9 
19.t| 139 | 134.9 
19.4] 140 | 155.8} 33.9 


19.6] 141|136.8| 34.1 
19.8| 142| 137.8] 34.4 
0.111431 138.8 | 34.6 
20,31 144| 139.7] 34.8 
20,6] 145 | 140.7 | 35.1 
20.8] 146 | 141.7 
21.0] 147} 142.6 
"7 4| 21.3] 148 | 143.6 
8.1 | 07, 3.4| 21,5] 149 | 144.6 
9.1 7.3 | 21.8| 150 | 145.5 


a | | fl | — 


22.0} 151} 146.5 
22.3] 152) 147.5 
22.5] 153 | 148.5 
22.7] 154 | 149.4 


| 60.5 F 
251 | 243.5 | 60.7 f 
252 | 244.51 61.04 
258 | 245.5 | 61.2} 
254 | 246.5 | 61.4 5 
255 | 247.4 | 61.7} 
256 | 248.4 | 61.9 | 
257 | 249.4 | 62.2] 
258 | 250.3 | 62.4 | 
259 | 251.3 | 62.7 | 
260 | 252.3 | 62.9 } 


261 | 253.2) 63.1} 
262 | 254.2 | 63.4} 
263 | 255.2 | 63.6 # 
264 | 256.2 | 63.9 § 
265 1257.1 \64.16 
266 1258.1 | 64.45 
267 | 259.1 | 64.6 | 
268 | 260.0 | 64.8 | 
269 [261.0 | 65.1 f 
270 | 262.01 65.3} # 
971°. 208.0] 05.6) 
272 . 263.9 ' 65.8 | 
273. Soa 66.0 § 
274 | 265.91 66.3) 
275 | 266.8 | 66.5 f 
276 | 267.8 | 66.8 # 
877 | 268.8 | 67.0 
278 | 269.7 | 67.3 | 
279 | 270:7 | 67.5 | 
280 (271.7 | 67.7] 
281 | 272.71 68.0f 
282 | 273.6 | 68.2 | 
283 | 274.6 | 68.5 | 
2844 275.6 | 68.7 | 
285 | 276.5 | 68.9 | 
286 | 277.5 | 69.2} 
287 1278.5 | 69.4 
288 | 279.4 | 69.7 | 
289 | 280.4 | 69.9 F 
1290 '281.4|70.2f 
291 ' 282.4 |'70.4 | 
292 ee 70.6 
284.3 |'70.9 | 


184.4: 46,0 


185.3 | 46.2 
186.8 | 46.4 
187.3 | 46.7 
188.2} 46.9 
189.2} 47.2 
190.2) 47.4 
191.1} 47.7 
192.1| 47.9 
193.1} 48.1 
200|194.1| 48.4 


201 1195.0} 48.6 
2021 196,0| 48.9 
203|197.0| 49.1 
2041197.9| 49.4 
205 1198.9 | 49.6 
206 | 199.9| 49.8 
207 | 200.9] 50.1 
208 |201.8| 50.3 
209 | 202.8} 50.6 
210 | 203.8 | 50.8 


211 | 204.7, 51.0 
212 | 205.7 | 51.3 
213 [206.7 | 51.5 
214 | 207.6: 51.8 


133 /36.9109.21 98} 95.11 23.7| 158 | 153.3 
139/37.8109.4] 99] 96.1} 24.0] 159 | 154.3 
40 | 38.8 | 09.7 0 | 24.2] 160 | 155.2 


Seen ee ee 


229 222 9 


Oe Ka 0 


54152.4 27.6|174| 168.8 227.0! 56.6 aoalanee 71.1} 
55 153.4 27.81175 | 169.8 235 | 228.0: 56.9 1295 286.2 | 71.4 
56 | 54.3 28.1] 176| 170.8 236 | 229.0! 57.1 | 296 287.2] 71.6] 
OT | 55.3 28.3] 177] 171.7 237 | 230.0] 57.3 | 297, 288.2 | 71.9} 
58 | 56.3 28.51 178 | 172.7 238 | 230.9! 57.6 298 | 289.1 72.14 
59 | 57.2 28.8] 179 | 1'73.7 239 | 231.9| 57.8°| 299 : 290.1 | 72.3 | 
60 | 58.2 29.01180| 174.7 240 | 232.9} 58.1 |300|291.1| 72.65 
Dist.| Dep Lat. | Dist.| Dep. | Dist.| Dep. | Lat. | Dist. Dep. P| at] 


Dist.| De p. 


TABLE IL. 


| Dep. Lat. | Dist. Dep. 


Lat. ) 


For 75 Degrees. 


Dist. 


31 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 15 DEGREES. lh Om, 
Dist} Lat. | Dep. | Dist.) Lat. | Dep.| Dist.| Lat. | Dep. .| Lat. | Dep. | Dist.} Lat. | Dep. 
1101.0100.3]* 61] 58.9] 15.8 116.9} 31.3 174.8 241 | 232.8 | 62.4 | 
21/01.9100.5} 62] 59.9] 16.0 117.8} 31.6 175.8 42 | 233.8 | 62.6 
3102.9, 00.8] 63} 60.9} 16.3 118.8] 81.8 176.8 3 | 234.7 | 62.9 
4/03.9101.0| 64] 61.8] 16.6 119.8} 32.1 L777 244 | 235.7 | 638.2] 
5104.8101.3] 65] 62.8] 16.8} 125 [120.7] 32.4 178.7 245 | 236.7 | 63.4 | 
6105.8/01.6] 66] 63.8] 17.1 5} 121.7] 32.6 |, 179.7 246 | 237.6 | 68.7 | 
7/06.8/01.8] 67] 64.7117.38 ‘| 122.7| 32.9 180.6 712° 8.6] 638.9 | 
8 | 07.7| 02.1] 68] 65.7] 17.6 123.6] 33.1 181.6 248 | 289.5 | 64.2] 
9|08.7102.8] 69] 66.6| 17.9 124.6} 33.4 182.6 249 | 240.5 | 64.4 | 
101 09.7 | 02.6] 70] 67.6} 18.1 125.6| 33.6 183.5 50 | 241.5 | 64.7 
111 110.6|02.8] 71] 68.6] 18.4 126.5 | 33.9 184.5 251 | 249.4 | 65.0 | 
#12/11.6/03.1] 72] 69.5| 18.6] 182] 127.5] 34.2 185.5 52 | 243.4 | 65.2 ¢ 
13 | 12.6] 03.4] 78] 70.5|18.9 128.5] 34.4 186.4 253 | 244.4 | 65.5 
14113.5/03.6] 74] 71.5/19.2 129.4| 34.7 187.4 254 | 245.3 | 65.7 
115|14.5|03.9] 75] 72.4|19.4 130.4| 34.9 188.4 55 | 246.3 | 66.0 
16] 15.5104.1] 76| 738.4] 19.7 131.4} 35.2 189.8 56 | 247.3 | 66.3 
117] 16.4|04.4] 77] 74.4] 19.9 132.8] 35.5 190.8 257 | 248.2 | 66.5 
118) 17.4/04.7] 78| '75.3 | 20.2 133.3 | 35.7 191.3 58 | 249.2 | 66.8 
119] 18.4104.9] 79] 76.3 |20.4 134.3] 36.0 192.2 59 | 250.2 | 67.0 
#20119.3105.2] S80} 77.3] 20.7 135.2| 36.2 193.2 60 | 251.1 | 67.3 
#21} 20.3] 05.4] 81] 78.2] 21.0 136.2] 36.5 194.2 261 | 27.2.1 | 67.6 
1 22121.3105.7] 82] 79.2] 21,2 137.2| 36.8 195.1 262 | 253.1 | 67.8 
i 23 | 22.2 06.0] 83] 80.2} 21.5 138.1] 37.0 196.1 263 | 254.0] 68.1 
| 24 | 23.2|06.2| 84] 81.1] 21.7 139.1) 37.8 197.0 264 | 255.0 | 68.3 
125 |24.1/06.5] 85] 82.1 | 22.0 140.1) 37.5 198.0 265 | 256.0 | 68.6 
26 |25.1106.7] 86] 83.1 | 22. 5| 141.0] 37.8 199.0 266 | 256.9 | 68.8 
27 | 26.1]07.0] 87] 84.0 | 22.5 142.0} 38.0 199.9 267 | 257.91 69.1 
28 | 27.0 07.2] 88] 85.0} 22.8 143.0} 38.3 200.9 268 | 258.9 | 69.4 | 
29128.0107.5] 89} 86.0) 23.0 )| 148.9 6 201.9 269 ' 259.8 | 69.61 
130 | 2900 | 07.8] 90] 86.9 | 23.8 144.9 202.8 70 | 260.8 | 69.9 
#31 /29.9/¢8 0] OL} 87.9] 23.6 || 145.9 203.8 271 1261.8] 70.1 f 
132130.9/08.3] 92] 88.9] 23.8] 152] 146.8 204.8 272 | 262.7 | 70.4 | 
133 131.9] 08.5] 93] 89.8} 24.1] 153] 147.8 205.7 273 | 268.7 | 70.7 
134132.8)08.8}] 94] 90.8] 24.8| 154] 148.8 206.7 274 | 264.7 |'70.9 
£35 |33.8] 09.1] 95} 91.8} 24.6] 155 | 149.7 207.7 275 | 265.6] 71.2 
136/34.8| 09.8} 96] 92.7] 24.8] 156 | 150.7 208.6 | 276 | 266.6 | 71.4 
137 (35.7109.6| 97] 93.'7| 25.1] 157 | 151.7 209.6 277 | 267.61 71.7 
188 | 36.7| 09.8] 98} 94.7 | 25.4] 158 | 152.6 210.6 78 | 268.5 | 72.04 
139 137.71 10.1] 99] 95.6] 25.6] 159 | 153.6 211.5 279 | 69.5 | 72.2 | 
140/38.6110.4]100} 96.6 | 25.9] 160 | 154.5 212.5 280 | 270.5 | 72.5 | 
$41139.6/10.6)101| 97.6] 26.1] 161 | 155.5 213.5. 57.2 1281] | 271.4) 72.7] 
#421 40.61 10.9]102] 98.5 | 26.4] 162] 156.5 22|214.4) 57.5 | 282 | 272.4 | 73.0} 
143 | 41.5}11.1]103} 99.5 | 26.7] 163 | 157.4 215.41 57.7 | 283 | 273.4| 73.2] 
£44 | 42.5] 11.4] 104] 100.5 | 26.9] 164 | 158.4 216.4] 58.0 | 284 | 274.3 | 73.5 | 
#45 | 43.5] 11.6] 105 | 101.4 | 27.2] 165 | 159.4 217.8} 58.2 | 285 | 275.3 | '73. 
146 | 44.4] 11.9] 106 | 102.4 | 27.4] 166 | 160.3 }}218.8] 58.5 | 286 | 276.3 | 74.0 
1 47 | 45.4 | 12.2] 107 | 103.4 | 27.7 | 167 | 161.8 7 |219.8| 58.8 | 287 | 277.2} 74.3} 
148 | 46.4] 12.4] 108] 104.3 | 28.0] 168 | 162.3 220.2] 59.0 | 288 | 278.2 | 74.5 
4491 47.3 | 12.7] 109 | 105.3 | 28.2] 169 | 163.2 221.2] 59.3 | 289 | 279.2 | 74.8 5 
£50 | 48.31] 12.9] 110] 106.3 | 28.5] 170 | 164.2 229.21 59.5 1290] 280.1] 75.15 
51 | 49.3 | 13.2] 111 | 107.2] 28.7] 171} 165.2| 44. 223.1] 59.8 |291 1281.1] 75.3} 
152150.2| 13.5] 112] 108.2 | 29.0] 172} 166.1] 44.5 224.1] 60.0 | 292] 282.11 75.6 
153 151.2] 13.7] 113 | 109.1 | 29.2] 173 | 167.1] 44.8 225.1] 60.3 | 293 | 283.0 | 75.8 
54 | 52.2| 14.0] 114] 110.1 | 29.5] 174] 168.1} 45.0 226.0} 60.6 | 294 | 284.0} 76.1 
55 153.1] 14.2] 115] 111.1 | 29.8] 175 | 169.0} 45.3 227.0] 60.8 | 295 | 284.9 | 76.4} 
$561 54.1] 14.5] 116] 112.0} 380.0] 176] 170.0! 45.6 228.0] 61.1 | 296 | 285.9 | 76.6 | 
57 155.1 | 14.8] 117] 113.0 | 30.8] 177] 171.0} 45.8 228.9} 61.3 | 297 | 286.9 |'76.9 } 
458 /56.0] 15.0] 118] 114.0] 30.5] 178 | 171.9] 46.1 229.9} 61.6 | 298 | 287.8 | 77.1] 
159 157.0] 15.38] 119] 114.9} 30.8] 179] 172.9| 46.3 230.9} 61.9 | 299 | 288.8 | 77.4 
60 158.0} 15.5] 120] 115.9} 31.1] 180] 173.9] 46.6 231.8] 62.1 | 300 


289.8 | 77.6 
Dep. | Lat. 
ESS Ah 


Dist.| Lat. | Dep.| Dist | Lat. | Dep. Lat. | Dep. | Dist.| Lat. | Dep. | Dist.| Lat. | Dep. 
| 1/01.0/00.3] 61) 58.6] 16.8 116.3 | 33.4 |181] 174.0] 49.9 | 241 | 231.7 | 66.4 
+ 2/01.9/00.6] 62] 59.6] 17.1] 122] 117.38] 33.6 | 1821 174.9] 50.2 | 242 | 282.6 | 66.7 
| 3] 02.9] 00.8] 63} 60.6 17.4 118.2] 83.9 |183| 175.9] 50.4 | 243 | 233.6 | 67.0] 
b 4/03.8101.1] 64] 61.5] 17.6 119.2} 84.2 |184]176.9| 50.7 [244 | 234.5 | 67.3 | 
| 5104.81 01.4] 65] 62.5]17.9 120.2 | 34.5 [185] 177.8] 51.0 | 245 | 235.5 | 67.5 | 
1 6105.8] 01.7| 66] 63.4] 18.2 121.1] 84.7 | 186] 178.8} 51.3 | 246 , 236 5 | 67.8] 
| '7106.7/01.9| 67| 64.4]18.5 122.1] 35.0 [187] 179.8] 51.5 |247 287.4/ 68.1] 
| 8/07.7| 02.2] 68| 65.4] 18.7 123,0 | 35.8 [188] 1-0.7| 51.8 | 248 | 238.4 | 68.4 | 
| 9/08.7| 02.5] 69] 66.3] 19.0 124.0 | 35.6 | 189] 181.7 | 52.1 |249 | 239.4 | 68.6] 
110| 09.6] 02.8] 70] 67.3} 19.8 125.0 | 35.8 | 190} 182.6] 52.4 | 250 | 240.8 | 68.9 | 
111 | 10.6 (03.0 125.9 | 86.1 [191 | 183.6] 52.6 | 251 | 241.38 | 69.2 
| 12] 11.5 | 03.8 126.9 | 36.4 | 192] 184.6] 52.9 | 252 , 242.21 69.5] 
13 | 12.5 | 03.6 127.8 | 36.7 | 193] 185.5} 53.2 [258 | 243.2 | 69.7 
14] 13.5 | 93. 128.8 | 86.9 | 194! 186.5] 58.5 [254 | 244.2| 70.0] 
115 | 14.4) C41 129.8'| 37.2 |1951187.4] 5 255 (245.1 | 70.3 § 
} 16 | 15.4 | 04.4 180.7 | 37.5 ]196 188.4 256 | 246.1 | 70.6] 
117 | 16.3 | 04.7 131.7 | 37.8 ]197| 189.4 | 257 | 247.0 170.8] 
118 | 17.3 | 05.0 132.7 | 38.0 £198 | 190.3 258 | 248.0} 71.1] 
119| 18.3] 05.2 133.6 | 38.3 [199] 191.38 259 | 249.0| 71.4] 
120 | 19.2} 05.5 134.6] 38.6 | 200] 192.3 260 | 249.9 | 71.7 f 
121 | 20.2| 05.8 185.5 | 38.9 | 201 | 193.2} 55.4 [261] 250.9| 71.9] 
#22121.1| 06.1 136.5 | 39.1 | 202] 194.2 262 | 251.9 | 72.2] 
123 | 22.1 | 06.3 137.5 39.4 1203] 195.1 268 | 252.8 | 72.5] 
124 | 23.1] 06.6] & 138.41 39.7 |204; 196.1 264 | 258.8 | 72.8] 
25 124.0106.9| 85] 81.7] 23. 139.4 205) 197.1 QS | 254.7 | 73.0 | 
#26 125.01 07.2| 86] 82.7 | 23. 140.3 206 | 198.0 Qi6 | 255.7 | 73.3 | 
h 27 | 26.0| 07.4] 87] 83:6] 24.9 141.3 207 | 199.0 267 | 256.7 |.73.6 | 
H 28 | 26.9] 07.7] 88] 84.6] 248 142.3! 208 | 199.9 268 | 257.6 | 73.9 | 
1 29127.9| 08.0] 89] 85.6 | 24.5 143.2 209 | 200.9 269 | 258.6 174.1] 
130 /28.8|08.3] 90) 86.5 | 24.8] 150] 144.2 210 | 201.9 270 | 259.59) 74-4 | 
131/29.8| 08.5] 91] 87.5/}25.1 145.2 211 | 202.8 271 | 260.5 | 74.7 | 
132/30.8] 08.8] 92] 88.4| 25.4 146.1 212] 203.8 272 | 261.5 | 75.0 | 
133 |31.7| 09.1] 98] 89.4/25.6 147.1 213 | 204.7 273 | 262.4 | 75.2] 
134/32.7/09.4] 94] 90.4] 25.9 148.0 214 | 205.7 274 | 268.4 | 75.5 | 
135 133.6] 09.6| 95] 91.8] 26.2 149.0 215 | 206.7 275 | 264.3 | 75.8] 
136 |34.6109.9] 96| 92.8 | 26.5 150.0 216 | 207.6 276 | 265.3 | 76.14 
137|35.6|10.2| 97] 98.2 | 26. 150.9, 217 | 208.6 277 | 266.3| 76.4 
138136.5/10.5| 98] 94.2 | 27.0 151.9 218 | 209.6 278 | 267.2 | 76.6} 
139/37.5/10.7] 99| 95.2 | 27. 152.8 219 | 210.5 279 | 268.2 | 76.9 f 
[40 | 38.5 | 11.0] 100 ]_96.1) 27.6 153.8 220} 211.5 280 | 269.2 | 77.2] 
141139.4) 11.3] 101] 97.1] 27.8 154.8 221 | 212.4] 60.9 [281 }270.1| 77:5] 
1 42/40.4|11.6]102] 98.0] 28.1 155.7 222 | 213.4} 61.2 | 282} 271.1 177.7] 
143 | 41.3} 12.9|103] 99.0 | 28.4 156.7 223 |214.4) 61.5 | 283 | 272.01 78.0] 
144 | 42.3| 12.1] 104 | 100.0 | 28.7 157.6 224] 215.3) 61.7 281 1273.0 78.3 | 
145 | 43.5 10: 158.6 225 | 216.3 | 62.0 | 285 | 274.0 | 73.6 F 
159.6 226 | 217.2| 62.3 | 286 | 274.9 | 78.8 | 
160.5 227 |218.2| 62.6 | 287 |275.9| 79.1} 

161.5 228 | 219.2] 62.8 [288 ]276.8| 79.4] 

162.5 220 | 220.1] 63.1 | 289 | 277.8 | 79.7 | 

168.4 230 | 221.1] 63.4 1290 | 278.8 | 79.9 | 

164.4 231 | 222.1 | 68.7 | 291 | 279.7 | 80.2 

165.8 232 | 223.0| 63.9 | 292 1280.7 | 80.5 

166.3 233 | 224.0] 64.2 | 293 |281.6|80.8 

167.8 234 | 224.9] 64.5. | 294 | 282.6 | 81.0 

168.2 235 | 225.9] 64.8 | 295 | 283.6 | 81.3 

169.2 236 | 226.9 | 65.1 | 296 | 284.5 | 81.6 

170.1 237 | 227.8] 65.3 | 297 | 285.5 | 81.9 

171.1 238 | 228.8] 65.6 | 298 | 286.5 | 82.1 | 

172.1 239 | 229.7| 65.9 | 299 | 287.4 | 82.4 | 

173.0 240 | 230.7] 66.2 | 300 | 288.4 | 82.7 } 

Dep. | Lat. [Dist.| Dep. | Lat. | Dist.! Dep. | Lat. | 

: aaa 


TABLE I. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 16 DEGREKS. 


1h 4m, 


Por 74 Degrees. 


Sh: OS OA Le rca 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 17 DEGREES, 


Dist. Lat. ! Dep. 


01.0} 00.38]. 6 
01.9) 90.6] 6 
02.9 | 00.9 
03.8 | 01.2 
04.8 | 01.5 
05.7 | 01.8 
06.7 | 02.0 
07.7 | 02.3 
08.6 | 02.6 
09.6 | 02.9 
10.5 | 03.2 
11.5 | 03.5 
12.4] 03.8 
13.4] 04.1 
14.3 | 04.4 
15.3 | 04.7 
16.3 | 05.0 
17.2 | 05.5 
IS.v | 05.6 
19.1] 05.8 


ODWHIAThWNWH 


110 


21.0 | 06.4 
22.0 | 06.7 
23.0 | 07.0 
93.9 | 07.3 
24.9 | 07.6 
25.8 | 07.9 
2678 | 08.2 
27.7 | 08.5 
284 | OS.8 
29.6 | 09.1 
30.6 | 09.4 
31.6 | 09 6 
32.5 | 09.9 
eon) LO. 
34.4 | 10.5 
35.4| 10.8 
36.3 | 11.1 
37.3 | 11.4 
opie fal. d 
39.2 | 12.0 
28 8 i Aa he 
41.1/ 12.6 
42.1) 12.9 
43.01 Tas 
>| 44.0 | 13.4 
44.9| 138.7 
45.9 | 14.0 
46.9 | 14.3 


50 | 47.8 | 14.6 
51/48.8/149) 111 
52 | 49.7 | 15.2 7112 
53 | 50.7 | 15.5] 118 
154) 51.6) 15.8] 114 
55 | 52.6) 16.1) 115 
56 | 53.61 16.4] 116 
57 | 54.51 16.7] 117 
58 | 55.5) 17.0] 118 
59 | 56.4] 17.2] 119 
60 | 57.4 | 17.5] $20 


Dist. Dep. | Lat. | Dist. 


— 


wwmnNwe 


WwDWWwWwwe 
he Dom oan 


an 
Ne 
. 


TABLE IL. 


Dist.) Lat. Dep. 
115.7] 35.4 
116.7] 35.7 
117.6] 36.0 
118.6] 36.3 
119.5| 26.5 
120.5 | 36.8 

27 | 121.5] 37.1 
122.4| 37.4 
123.4] 37 
124.3| 38.0 
125.3] 38.3 
126.2] 38.6 
127.2| 38.9 
128.1] 39.2 
129.1 |°39.5 
130:1| 39.8 
131.0] 40.1 
+ 132.0] 40.3 
132.91 40.6 

| 133.9] 40.9 
134.8] 41.2 
135.8] 41.5 
136.8] 41.8 
137.7] 42.1 
138.7 | 42.4 
139.6| 42.7 
140.6] 42.0 
141.5] 43.3 
142.5! 43.6 
143. 43.9 

151 | 144.4! 44.1 
1145.4| 44.4 
146.3 | 44.7 
147.3] 45.0 
148.2} 45,3 
149.2} 45.6 
150.1] 45.9 
151.1| 46.2 
152.1| 46.5 
153.0| 46.8 
154.0] 47.1 
154.9| 47.4 
155.9| 47.7 
156.8 | 47.9 
157.8| 48.2 
158.7] 48.5 
159.7| 48.8 
160.7| 49.1 
161.6} 49.4 
162.61 49.7 
163.5 | 50.0 

21164.5| 50.8 
73|165.4| 50.6 
174| 166.4} 50.9 
175 | 167.4] 51.2 
76! 168.8 | 51.5 

7|169.3| 51.7 

178 | 170.2] 52.0 

1791 171.2| 52.3 

1S0 | 172.1} 52.6 


Dist.!| Dep. Lat. 
Kor 73 Degrees. 


Dist. 


1735.1 
174.0 
175.0 
176.0 
176.9 
177.9 


(1178.8 


179.8 
180.7 
181.7 


182.7 
185.6 
184.6 
185.5 
186.5 
187.4 


7 | 188.4 


189.3 
190.8 
191.3 


192.2 
1938.2 
194.1] 
195.1 
196.0 
197.0 
198.0 
198.9 
199.9 
200.8 
201.8 
202.7 
203.7 
204.6 
205.6 


) | 206.6 


2) 212.3 


2138. 


214.2 


D | 215.2 
>| 216.1 


217.1 
218.0 
219.0 
220.0 


220.9 
221.9 
222.8 
223.8 
224.7 
225.7 
226.6 
227.6 
228.6 
229.5 


Dep. 


33. 


Th &m, 
Dep. |Dist.] Lat. | Dep.| 
52.9 | 241 | 230.5} 70.5 | 
53.2 | 242 | 231.41 70.8] 
53.5 | 248 | 232.4171.0} 
53.8 | 244 | 233.3171.3} 
54.1 1245 | 284.3171.6] 
54.4 | 246 | 235.3}71.9 4 
54.7 | 247 | 236.2] 72.2} 
55.0 | 248) 237.2 | 72.5] 
55.3 1249 | 228.1 | 72.8] 
55.6 | 250 | 239.1 | 73.1 | 
55.8 [251 | 240.0] 78.4 | 
56.1 1252 |241.0| 73.7 
56.4 | 253 | 241.9 | 74.0 
56.7 | 254 | 242.9174.3 
57.0 | 255 | 243.9 | 74.6 
57.3 | 256 | 244.8174.8 
57.6 | 257 | 245.8 | 75.1 
57.9 | 258 | 246.7 | 75.4 | 
58.2+| 259 | 247.71 75.7} 
58.5 | 260 | 248.61 76.0} 
58.8 | 261! 249.6] 76.3} 
59.1 | 262 | 250.6 | 76.6 f 
59.4 | 268 | 251.5 | 76.9 | 
59.6 | 264 | 252.5 | 77.2} 
59.9 | 265 | 253.4 | 77.5 
60.2 | 266 | 254.4|77.8 | 
60.5 | 267 | 255.3] 78.1 f 
60.8 | 268 | 256.3 | 78.4] 
61.1 | 269 | 257.2 | 78.6 | 
61.4 | 270 | 258.2| 78.9 | 
61.7 [271] ~59.2|79.2 | 
62.0 | 272 | 260.1] 79.5 | 
62.3 | 203 | 261.1] 79.8] 
62.6 | 274 | 262.0] 80.1 
62.9 | 275 | 263.0 | 80.4 | 
63.2 | 276 | 263.9 | 80.7 | 
63.4 | 277 | 264.9 | 81.0} 
63.7 | 278 | 265.9 | 81.3 | 
64.0 | 279 | 266.8 | 81.6] 
64.3 | 280 | 267.8 | 81.9} 
64.6 | 281 | 268.7 | 82.2 | 
64.9 | 282 | 269.7 | 82.4} 
65.2 | 283 | 270.6 | 82.7} 
65.5 | 284 | 271.6| 83.0} 
65.8 | 285 | 272.5) 83.3 | 
66.1 | 286 | 273.5 | $8.6 
66.4 | 287 | 274.5 | $3.9 | 
66.7 | 288 | 275.4 | 84.2 
67.0 | 289 | 276.4] 84.5 f 
67.2 | 290 | 277.3 | 84.8 f 
67.5 |291 | 278.3] 85.1 | 
67.8 | 292 | 279.2 | 85.4 f 
68.1 | 293 | 280.2 | 85.7 | 
68.4 | 294 | 281.2] 86.0} 
68.7 | 295 | 282.1] 86.2 
69.0 | 296 | 283.1] 86.5 ft » 
69.3 | 297 | 284.0] 86.8 | 
69 6 | 298 | 285.0 | 87.1 | 
69.9 | 299 | 285.9 | 87.4 
70.2 | 300 | 286.9 | 87.7 
Lat. } Dist.| Dep. |, Lat. 
a 


34 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 18 DEGREES. 


Dist. _Lat. | Dep. | Dist. 


an 
CSCUMWIATPR ON 


106 
107 
108 
109 | 103.7 


120 


a 


118.5 


99.9 
100.8 


101.8 |: 


102.7 


105.6 
106.5 


107.5 | 


108.4 


109.4 | = 


110.5 


111.8 | 56 


112.2 
113.2 
114.1 


Dist, bent Lat. | Dist.; Dep. 


TABLE IL. 


‘Lat. | Dep. 
ral 87.4 
116.0} 37.7 
117.0; 38.0 
117.9| 38.8 
118.9} 38.6 
119.8| 3819 
39.2 
39.6 
39.9 
40.2 


159.8 
160.7 
161.7 | 52.5 


Dep. 


For 72 Degrees. 


_— j—-—S)s ———________ |} -. 


242 | 
243 
244 
245 
246 
247 
248 
249 
250 
eB 
Qe 
253 
254 
200 
256 
BAT 
258 
259 
260 
261 
262 
2638 
264 
265 
266 
267 


268 | § 


269 


270 | 5 


230.2 | 
231.1 
232.1 
233. 
234.0 
234.9 
235.9 
236 8 
237.8 
JA6,4 
239.7 
240.6 
241.6 
242.5 
243.5 
244.4 
245.4 
246.3 
247.3 


1h 12m, 


Dep. | 
714.5 
74.8, 
75.1 | 
75.4 | 
75.7 | 
76.0 
76.3 
76.6 
76.9 


—————_ J | | 


219.7 
220.6 


71.4 
Tid 


Pay Bd pe 
272 ue 


273 | ¢ 


274 
275 
216 
ae: 
278 
279 
280 


28 1 
282 | 
283 
284 
285 
286 
287 
288 
289 
290 
29 | 
292 
293 
294 
295 
296 
Q07 
298 
299 
300 


266.3 


267.2 
268.2 


| 269.1 


270.1 : 
271.1 
272.0 
273.0 
273.9 
274.9 
275.8 
276.8 
277.7 
278.7 
279.6 
280.6 
281.5 
282.5 
283.4 
284.4 
285.3 


91.2 
91.5 
91.8 
92.1 
92.4 
92.7 


4" 48m, 


TABLE IL. 35 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 19 DEGREES, 1h 16m, 


_—_. 


Dist| Lat. | Dep. Dist. | Lat. | Dep.| Dist.| Lat. | Dep. | Dist.| Lut. Lat | Dep. 
1|00.9)00.3] Gl BT. 19.9 12] 114.4] 39.4 | 181} 171.1 297.9 |'78.5 
2'01.9|00.7] 62] 58.6 | 20.2 21115.4 | 39.7 | 182] 172.1 228.8 178.8 

*31/02.8/01.0] 68] 59.6|20.5 116.8 | 40.0 | 188 | 173.0 229.8 | 79.1 
4/03.8/01.38] 64 20.8 117.2 | 40.4 | 184] 174.0 230.7 | 79.4 | 
5} 04.7} 01.6] 65 oe Le 118.2 | 40.7 | 185 174.9 231.71 79.8 
6105.7 | 02.0] 66 mid >{ 119.1 | 41.0 | 186 >| 232.6] 80.1 
7106.61 02.3] 67 21.8 120.1 | 41.3 | 187 233.5 | 80.4 | 
8 | 07.6 | 02.6] 68 PAS | 121.0./ 41.7 1188 234.5 | 80.7 
9108.5|02.9}] 69 22.5 122.0] 42.0 1189 235.4{/81.1 

o 


236.4 | 81.4 


237.3 | 81.7 
2 | 238.3 | 82.0 
239.2 | 82.4 
240.2 | 82.7 
241.1] 85. 


122.9} 42.3 | 190 
123.9| 42.6 
124.8] 43. 
125.8| 43. 
126.7| 43.6 
127.6| 44.0 


16; 15.1 | 05.2] 76 24.7 128.6} 44.3 D6 | 242.1 | 83.3 

117) 16.1] 05.5] 77 29.1 129.5 | 44.6 (| 243.0 | 83.7 

18/17.0/05.9] 7 25.4 §| 150.5] 44.9 243.9 | 84.0 

119118.0}06.2] 79 25.7 131.4] 45.3 244.9 | 84.3 

120}18.9106.51 SO 26.0 132.4] 45.6 245.8 | 84.6 
- ~- A 


246.8 85.0 
247.7 | 85.3 | 
248.7 | 85.6 
249.6 | 86.0 
250.6 | 86.5 
251.5 | 86.6 
252.5 | 86.9 
253.4 | 87.3 
254.3 | 87.6 | 
2. Toit 


eet | ee nin ee, es ee 


256.2 | 88.2 
257.21 88.6 
258.1 | 88.9 
259.1 | 89.2 
260.0 | 89.5 | 
>| 261.0) 89.9 | 
261.9 | 90.2 | 
262.9 | 90.5 
263.8 190.8 . 
264.7 91.25 
265.7 91.55 
266.6 | 91.8 F 
267.6 | 92.1 | 
268.5 | 92.5 | 
269.5 | 92.8 | 
> | 270.4 | 98.1 | 


133.8] 45.9 


a ee ee —E ee eee —_—- 


55.8 | 19.2| 119 
56.7 | 19.5 | 120 


» . 
39.1] 180 | 170.2 | 58.6 


ist] Dep.| Lat. |Dist.| Dep. | Lat. | Dist.! Dep. | Lat, Dist} Dep. Dist.| Dep. | Lat. 
Kor 71 Degrees. ike 4h 44m, 


| 40 | 37.8 | 13.0] 100 
f41 | 38.8] 13.3] 101 
| 42 | 59.7 | 13.7] 102 


Dist. 


36 TABLE II. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 20 DEGREES. 1h 20m. 


Dist.) Lat. | Dep. } Dist. Dep. | Dist.| Lat. | Dep. Dist.| Lat. | Dep. Dist. {| Lat. Dep. 
1100.9) 00.38] 61 20.9 | 121 | 113.7 | 41.4]181]170.1 | 61.9 | 241 | 226.5) 82.4 
9101.9 62 29 | 114.6 | 41.7] 182]171.0| 62.2 | 242 | 227.4] 82.8} 
3 | 02.8 } 63 115.6 | 42.1] 183} 172.0] 62.6 | 248 |228.3) 83.19" 
4)03.8 64 | 116.5 | 42.4] 184] 172.9] 62.9 | 244 | 229.3) 83.59 - 
5 | 04.7 65 5| 117.5 | 42.8] 185] 173.8] 63.3 | 245 | 230.2) 83.8] 
61 05.6 66 31 118.4] 43.1] 186]174.8| 63.6 | 246 | 231.2] 84.1 
7 | 06.6 67 119.3 | 43.4] 187] 175.7| 64.0 | 247 | 232.1] 84.5] 
8 | 07.5 68 120.3 | 43.8] 188] 176.7] 64.3 | 248 | 233.0} 84.8] 
9108.5 69 121.2|44.1]189] 177.6] 64.6 |249 | 234.0] $5.2] 

10} 09.4 70 122.2 | 44.5] 190 |.178.5 | 65.0 | 250 | 234.9} 85.5 

11} 10.3 123.1 | 44.8] 191 ]179.5} 65.3 | 251 | 235.9| 85.8} 

Phe 72 124.0! 45.1] 192] 180.4] 65.7 | 252 | 236.8] 86.2) 

137122 73 125.0 | 45.5}198]181.4] 66.0 | 258 | 237.7] 86.5) 

14} 13.2 74 | 125.9 | 45.81 194] 182.3] 66.4 | 254) 238.7] 86.9} 

15} 14.1 "a5 126.9 | 46.2] 195} 183.2] 66.7 }255/239.6| 87.29 . 

16} 13.0 76 127.8 | 46.5] 196 | 184.2] 67.0 |256 | 240.6] 87.65 

17 | 16.0 7 128.7 | 46.9] 1971185.1] 67.4 |2571241.5| 87.9 | 


129.71 47.2] 198! 186.1] 67.7 ]258 |242.4| 88.2 
130.6 | 47.5 | 199] 187.0] 68.1 | 259 | 243.4| 88.6] 
131.6 | 47.9 | 200 | 187.9 260 | 244.3] 88.9] 


261 |245.3| 89.3] 


132.5 | 48.2] 201 | 188.9 
133.4 | 48.6| 202] 189.8 
134.4 | 48.9| 203 | 190.8 
135.3 | 49.3 | 2041191.7 
136.3 | 49.6 | 205 | 192.6 
137.2| 49.91 206] 193.6 
138.1 | 50.3] 207 | 194.5 
139.1 | 50.6] 208| 195.5 
140.0 | 51.0 209] 196.4| 71. 
141.0151.31210/197.3} 71. 


| 
| 


2.5 141.9 271 | 254.7 | 92.7 
92| 86.5 142.8 272 | 255.6] 93.0 
93 | 87.4 143.8 273 |256.5| 93.4 
94) 83.3 144.7 | 52. 274 |257.5| 93.7 
95| 89.3 145.7 | 53. 275 | 258.4| 94.1 
95] 90.2: 56 | 146.6! 276 | 259.4| 94.4 
97| 91.2 147.5 | de 277 | 260.3 | 94.74 


148.5 
149.4 
150.4 | ¢ 
Lode 
162.245 

153.2 
154.1 
155.0 | 5 
>| 156.0 
156.9 
157.9 a 
158.8 | 57. 
159.7 | 58. 


160.7 | 5 
161.6 
162.6 | 5 
163.5 219, 
164.4 | 59.9 | 235 | 220.8. 
165.4 | 60.2 | 236 | 221.8 
166.8 | 60.5 | 237 | 222.7 
167.3 | 60.9 | 238 | 223.6 
168.2| 61.2 | 239 | 224.6 |. 
169.1 | 61.6 | 240 | 225.5 
Dep. | Lat. | Dist.| Dep. 
For 70 Degrees. 


280 | 263.1] 95.8] 


te 


981 1264.1| 96.1} 


1024109978 
103 | 96.8 | & 
104| 97.7 | ¢ 
195,898, 7135. 
106) 99.61 ¢ 


283 }265.9| 96.8} 
284 |266.9| 97.1] 
285 | 267.8| 97.5} 
286 |268.8| 97.8] 
287 |269.7| 98.2] 
288 |270.6| 98.5} 
289 |271.6| 98.8] 
290 1272.5! 99.2 


—<<—$—-— 


291 | 273.5! 99.5 
292 |274.4| 99.9 F 
293 | 275.3 | 100.2 | 
294 276.38 | 100:6 § 
295 | 277.2 1100.9 F 
296 most | 101.6 


110} 105.4 |. 


4} ttt | 104.8 
112 | 105.2 
eh pees ; 

107.1 
108.1 
109.0 
109.9 
110.9 
111.8 
112.8 


9297 | 279.1 | 101.6} 
298 | 280.0' 101.9} 


299 | 281.0 | 102.3 } 
300 231.9 102.65 
Dist.| Dep. | Lat. { 


4h 40m, 


Dist.| Lat. | Dep. | Dist. 
1/00.9| 00.4] 61 
2101.9|00.7] 62 
3102.8] 01.1] 63 
4103.7/01.4] 64 
5104.7) 01.8} 65 
6105.6/022] 66 
7'06.5| 02.5] 67 
8 07.5|02.9] 68 

1 9, 08.4] 03.2] 69 

110/09.3| 03.6] 70 

A11/10.3/03.9] 71 

P12} 11.2] 04.38] 72 

113] 12.1}04.71 73 
14113.1|05.0] 74 
15|14.0| 05.4] 75 
16] 14.9] 05.7] 76 

$171 15.9] 06.1] 77 
18] 16.8}06.5| 7 

119/17.7106.8] 79 
20 | 18.7] 07.2} 80 

121119.6) 07.5] 81 

122|20.5| 07.9} 82 

123 121.5]08.2] 831 

24/92.4/08.6] 84 

1 25 | 23.3/09.0] 85 

126 }24.3/09.3] 86 

127 125.21 09.7] 87 

128 | 26.1] 10.0] 8s 

129127.1}10.4] 89 

130/28.0/10.8} 90 

P31} 28.9] 11.1] 91 

£32129.9/ 11.5] 92 

133130.8] 11.8] 95 

134131.7] 12.2] 94 

135 | 32.7) 12.5] 95 

136138.6112.9] 96 

137 134.5)13.3| 97 

138 | 35.5/13.6] 98 

139 136.4/14.0] 99 
4G | 37:3 | 14.31 100 

141 138.3) 14.7] 101 

8421 39.2115.1 | 102 

143 140.1] 15.4] 103 

144] 41.1] 15.8] 104 

45 | 42.0; 16.1] 105 

146 | 42.9] 16.5] 106 

47 | 43.91 16.8] 107 

148 | 44.8] 17.2] 108 

149 | 45.7| 17.6] 109 

150146.7117.9] 110 

151 147.6] 18.3] 111 

1521 48.5] 18.6] 112 
531}49.51 10.0] 118 

154150.4| 19.4] 114 

155 151.3| 19.7] 115 

156 | 52.3 | 20.1] 116 

P57 | 53.2 | 20.4] 117 
58 154.1 420.8] 118 

$59) 55.1] 21.1] 119 

1 G0 156.01 21.5 | 120 

Dist. Dep. | Lat. | Dist. 


Lat. 


56.9 
57.9 


58.8 | ° 


59.7 


He It Od OS 


ca 
~ 


@ 


w 


Dep. 


ve 


TABLE IL. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 21 DEGREES, 


Dist.| Lat. 
12] 


113.0 
113.9 
114.8 
115.8 
116.7 
117.6 
118.6 
119.5 
120.4 
121.4 


122.3 


123.2 


125.1 
126.0 
127.0 
127.9 
128.8 
129.8 


131.6 
132.6 
133.5 
134.4 
135.4 
)| 136.5 
137.2 
138.2 


124.2 | 


50.7 | 5 


J TO | S|  TETEFFETEEtCsC /__—______ ff 


Dep. | Dist.) Lat. 


43.4 
43.7 
44.1 
44,4 
44.8 
45.2 
45.5 
45.9 
46.2 
46.6 
46.9 


" 
~ 


wo © 


NOON WS) 


aw 
Ns 


Po eee 


oo os © 


Dist. | Dep. 


Lat. 


169.0 
169.9 
170.8 
171.8 
172.7 
175.6 
174.6 
175.5 
176.4 
177.4 


178.3 
179.2 
180.2 
181.1 
182.0 


Dep. | Dist. 


64.9 
65.2 
65.6 
65.9 


Dist. 


For 69 Degrees. 


208.2 
209.1 


2 |210.1 
>| 211.0 


211.9 
212.9 
213.8 
214.7 
215.7 
216.6 
217.5 


-1 218.5 


219.4 
220.5 
221.3 
223.1 
224.1 
Dep. 


1h 24m, 
_tat_| Dep. | 
241 | 225.0] 86.4} 
242 | 225.9] 86.75 
243 | 226.9] 87.18 
244 | 227.8] 87.4] 
245 |228.7| 87.85 
246 | 229.7] 88.2 
247 | 230.6] 88.5 
248 | 231.5] 88.9 
249 | 232.5] 89.2 
250 | 233.4] 89.6 
251 | 234.3] 90.0 
252 |235.3| 90.35 
253 | 236.2} 90.7 
254 | 237.1] 91.0 
255 | 238.1] 91.4 
256 | 239.0| 91.7 
257 | 239.9] 92.1] 
258 | 240.9] 92.5] 
259 |241.8| 92.8] 
260 | 242.7] 93.2] 
261 | 243.7] 93.5] 
262 | 244.6| 93.9] 
263 }245.5| 94.3] 
264 | 246.5| 94.6] 
265 | 247.4] 95.0} 
266 |248.3} 95.3] 
267 | 249.3| 95.7] 
268 | 250.2} 96.0] 
269 | 251.1] 96.4] 
270 | 252.1] 96.8] 
271 | 253.0] 97.1 
272 | 253.9! 97.5 
273 |254.9| 97.8 
274 |255.8| 98.2 
275 | 256.7 | 98.6 
276 | 257.7] 98.9 
277 | 258.6] 99.38 
278 | 259.5] 99.6 
279 | 260.5 | 100.0 
280 | 261.4] 100.3 f 
naTy Ora 
281 | 262.3 | 100.7 § 
282 | 263.3/ 101.1 § 
283 | 264.2] 101.4 § 
284 | 265.1] 101.8} 
285 | 266.1 | 102.1 } 
286 | 267.0 | 102.5 | 
287 | 267.9 | 102.9 
288 | 268.9 | 103.2 | 
289 | 269.8 | 103.6 | 
290 | 270.7 | 103.9 | 
291 | 271.7 | 104.3} 
292 | 272.6 | 104.6 f 
293 | 273.5 | 105.0 | 
294 | 274.5 105.4 | 
295 | 275.4 | 105.7 | 
296 | 276.3 | 106.1 
297 | 277.3 | 106.4 | 
298 | 278.2 | 106.8 | 
299 | 279.1 | 107.2 | 
300 | 280.1 | 107.5 | 
Dist.| Dep. | Lat. § 


87 


4h 3gm, § 


38 


For 68 Deerees. 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 22 DEGREES. 1h 28m, 
Dist] Lat. | Wep.|Dist,| Lat | Dep.| Dist.) Lut | Dep.|Dist.| Lat | Dep. | Dist) Lat | Dep. 
4 5 100.9100.4| 61| 56.6| 22.9] 121] 112.2] 45.3 | 181] 167.8] 67.8 1241} 228.5] 90.38 
1 2101.9100.7| 62] 57.5] 28.2] 122] 113.1 | 45.7} 1821 168.7} 68.2 |242]224.4| 90.7] 
1 3/02.8101.1] 63] 58.4]23.6] 123] 114.0} 46.1] 183] 169.7] 68.6 | 248 | 225.3] 91.0 
f 4103.7101.5] 64] 59.8 | 24.0] 124] 115.0 | 46.51 184} 170.61 68.9 |244 | 226.2] 91.4 
1 5104.6 O1.9| 65| 60.3] 24.3] 125|115.9146.8| 185 1171.5| 69.3 | 245; 227.2) 91.8 
f 6105.6 02.2] 66] 61.2| 24.7} 126] 116.8 | 47.2] 186 | 172.5] 69.7 | 246 | 228.1] 92.2 
§ 7106.5 02.6] 67] 62.1] 25.1 | 127] 117.8] 47.6 | 187] 173.4] 70.1 | 247 | 229.0] 92.5 
1 8|07.4,03.0] 68] 63.0] 25.5| 128] 118.7] 47.9] 188 | 174.3] 70.4 [248] 229.9] 92.9 
| 9/08.8103.4] 69] 64.0] 25.8] 129] 119.6] 48.3 | 189 | 175.2} 70.8 1249 1230.9] 93.3 
110| 09.3103.7] 70] 64.9 | 26.2| 180} 120.5 | 48.7] 190] 176.2} 71.2 | 250} 281.8] 938.7 
Hii} 10.2}04.1] 71] 65.8] 26.6] 131 | 121.5} 49.1] 191 1177.1] 71.5 | 251) 282.7} 94.0 
i2111.1}04.5] 72] 66.8] 27.0] 132] 122.4] 49.4] 192] 178.0] 71.9 ]252|233.7| 94.4 
113|12.1/04.9]} 73] 67.7 | 27.3] 183 | 128.3 | 49.8] 193] 178.9] 72.38 [253 | 234.6] 94.8 
114/13.0] 05.2] 74] 68.6 | 27.7] 1341 124.2 | 50.2] 194] 179.9] 72.7 |2541235.5] 95.2 
1151 13.9105.6] 75] 69.5|28.1 | 135] 125.2 | 50.6] 195 | 180.8] 73.0 | 255} 2286.4] 95.5 
116] 14.8]06.0] 76} 70.5 | 28.5] 136] 126.1 | 50.9] 196] 181.7] 73.4 | 256 | 237.4] 95.9 
17|15.8]}06.4] 77] 71.4] 28.8] 187 | 127.0 | 51.3] 197] 182.7] 73.8 |257| 235.3] 96.3 
118] 16.7] 06.7] 78} 72.3 | 29.2] 138] 128.0 | 51.7] 198 | 183.6] 74.2 | 258] 239.2| 96.6 
119} 17.6] 07.1] 79] 78.2} 29.6] 139} 128.9 | 52.1 1199 | 184.5] 74.5 |2591240.1] 97.0 
1201 18.5107.5}] 80] 74.2] 80.0] 140 | 129.8 | 52.4] 2001 185.4] 74.9 |260]241.1] 97.4 
121 /19.5| 07.9] 81] 75.1|30.3] 141 | 180.7 | 52.8] 201 | 186.41 75.3 [261 | 242.0] 97.8 
| 22 | 20.4] 08.2] 82] 76.0] 30.7 | 142 | 131.7 | 53.2] 202 | 187.8] 75.7 |262/242.9| 98.1 
123. |21.3108.6] 83] 77.0/ 31-1] 143 | 182.6 | 53.6 | 203 | 188.2} 76.0 |263| 243.8] 98.5 
1 24 | 22.3109.0] 84] 77.9] 31.5] 144] 183.5 | 53.9] 204] 189.1 | 76.4 1264] 244.8] ‘98.9 
125 | 23.2|09.4] 85] 78.8|/31.8] 145 | 134.4 | 54.3 | 205] 190.1 | 76.8 |265| 245.7} 99.3 
126 | 24.1] 09.7] 86} 79.7| 82.2] 146 | 135.4} 54.7] 206 | 191.0] 77.2 1266 | 246.6] 99.6 
127 | 25.0} 10.1] 87} 80.7 | 82.6] 147 | 186.3 | 55.1] 207] 191.9] 77.5 | 267 | 247.6} 100.0 
128 /26.0]10.5] 88] 81.6]33.0] 148 | 187.2 | 55.41 208 | 192.9] 77.9 | 268 | 248.5 | 100.4 
129|26.9|10.9] 89} 82.5138.3] 149 | 188.2 | 55.8] 209 | 193.8] 78.3 | 269 | 249.4 | 100.8 
130] 27.8} 11.2] 90] 83.4] 88.7] 150) 139.1 | 56.2 | 210 | 194.7] 78.7 | 270 | 250.3) 101.1 
131128.7] 11.6] 91] 84.4] 34.1] 151 | 140.0] 56.6] 211 | 195.6] 79.0 [271 | 251.3 | 101.5 
f32|29.7/12.0] 92] 85.3}34.5] 152] 140.9} 56.9 [212] 196.6] 79.4 ]272 | 252.2 | 101.9 
1 33 | 30.6] 12.4] 93] 86.2|}34.8] 153] 141.9] 57.8] 213] 197.5] 79.8 ]273 | 253.1 | 102.8 
34/31.5112.7] 94} 87.2|35.2]154| 142.8 | 57.7] 214] 198.4] 80.2 | 274 | 254.0 | 102.6 
#35 |32.5/13.1] 95] 88.1]35.6] 155 | 143.7] 58.1] 215] 199.3} 80.5 | 275 | 255.0 | 103.0 
136 |33.4| 13.5] 96] 89.0|36.0] 156 | 144.6 | 58.4] 216 | 200.8] 80.9 | 276 | 255.9 | 1038.4 
137|34.3/13.9] 97] 89.9136.3] 157 | 145.6 | 58.8] 217 | 201.2] 81.3 | 277 | 256.8 | 103.8 
138 | 35.2) 14.2] 98] 90.9] 36.7] 158 | 146.5 | 59.2 | 218 | 202.1 | 81.7 | 278] 257.8 | 104.1 
139 136.2) 14.6] 99] 91.8|37.1] 159 | 147.4 | 59.6] 219 | 203.1! 82.0 [279 | 258.7 | 104.5 
} 40 | 37.1 | 15.0] 100] 92.7 | 37.5 | 160 | 148.8 | 59.9 | 220 | 204.0] 82.4 | 280 | 259.6 | 104.9 
41 /38.0|15.4]101} 93.6] 37.8] 161 | 149.3 | 60.3 | 221 | 204.9} 82.8 [281 | 260.5] 105.3 
142} 38.9] 15.7] 102] 94.6} 38.2] 162 | 150.2 | 60.7 | 222 | 205.8] 83.2 | 282 | 261.5] 105.6 
143 139.9] 16.1]103] 95.5/38.6] 163 | 151.1 | 61.1 | 223 | 206.8} 83.5 | 283 | 262.4 | 106.0 
144] 40.8/16.5]104| 96.4|39.0] 164| 152.1 | 61.4 | 224] 207.7] 83.9 | 284 106.4 
#451 41.7}16.9]105| 97.4] 39.31 165 | 153.0 | 61.8 | 225 | 208.6} 84.3 | 285 106.8 
146 | 42.7 | 17.2] 106] 98.3] 39.7] 166 | 153.9 | 62.2 | 226 | 209.5| 84.7 | 286 107.1 
| 47 | 43.6] 17.6] 107] 99.2] 40.1 | 167 | 154.8 | 62.6 | 227 | 210.5 | 85.0 | 287 107.5 
HAS | 44.5 | 18.0] 108] 100.1 | 40.5 | 168 | 155.8 | 62.9 | 228 | 211.4] 85.4 | 288 107.9 
§ 49 | 45.4 | 18.4] 109 | 101.1 | 40.8] 169 | 156.7 | 63.3 | 229 | 212.3] 85.8 | 289 108.8 
50 | 46.4 | 18.7] 110 | 102.0 | 41.2] 170 | 157.6 | 63.7 | 230 | 213.3 | 86.2 | 290 108.6 
1511 47.3| 19.1] 111 | 102.9] 41.6] 171 | 158.5 | 64.1231 | 214.2] 86.5 |291 | 269.8! 109.0 
| 52 | 48.2 | 19.5] 112] 103.8 | 42.0] 172 | 159.5 | 64.4 | 232 | 215.1] 86.9 | 292 | 270.7! 109.4 
53 | 49.1] 19.9] 113] 104.8 | 42.3] 173 | 160.4 | 64.8 | 233 | 216.0] 87.3 | 293 | 271.7 | 109.8 
54) 50.1 | 20.2] 114] 105.7 | 42.7] 174 | 161.8 | 65.2 | 234 | 217.0] 87.7 | 294 | 272.6} 110.1 
59 | 51.0 | 20.6] 115 | 106.6 | 48.1 | 175 | 162.8 | 65.6 | 235 | 217.9] 88.0 | 295 | 273.5 | 110.5 
p96 | 51.9] 21.0] 116 | 107.6 | 43.5 | 176 | 163.2 | 65.9 | 236 | 218.8] 88.4 | 296 | 274.4] 110.9 
p27 | 92.8 | 21.4] 117] 108.5 | 43.8] 177 | 164.1 | 66.3 | 237 | 219.7] 88.8 | 297 27154 111.3 
58 | 53.8 | 21.7] 118] 109.4 | 44.2] 178 | 165.0 | 66.7 | 238 | 220.7] 89.2 | 298 | 276.3 | 111.6 
59 | 54.7} 22.1] 119| 110.3| 44.6] 179] 166.0 | 67.1 | 239 | 221.6| 89.5 | 299] 277.2 | 112.0 
$0 | 55.6 | 22.5 | 120] 111.3 | 45.0] 180 | 166.9 | 67.4 | 240 | 222.5] 89.9 | 300 | 278.2 | 112.4 
Dist} Dep.| Lat. | Dist.| Dep. | Lat. Dist. | Dep. | Lat. 1 Dist. | Dep. | Lat. [Dist | Dep. | Lat. 


4h 32m, 


Dist. Lat. 
1 | 00.9 


2/01.8 


—_—_— SS | Oe eee 


Dist. Dep. 


TABLE I. 39 § 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 28 DEGREES. 1h 32m, f 
Yep. |Dist.| Lat. | Dep. | 
241 | 221.8 
242 | 222.8 
243 | 223.7 
244 1224.6 
245 | 225.5 
246 | 226 4 
247 | 227.4 
248 | 228.3 
249 | 229.2 
250 | 230.1 


251 | 231.0 


Litt. | Dep. Dist. _Lat. | 
121] 111.4) 47.38] 181 | 166.6 
122} 112.3 | 47.7] 182 | 167.5 
123 | 113.2} 48.1] 183] 168.5 
124)114.1 ; 48.5] 184 | 169.4 
125} 115.1; 48.8] 185] 170.3 
126 | 116.0 | 49.2 YES 
127] 116.9 | 49.6 L732, 1 
6 128)117.8 | 50.0 173.1 
129} 118.7 | 50.4 174.0 
130] 119.7 | 50.8 174.9 


131 | 120.6 | 51.2 


152] 121.5 | 51.6] 192 252 | 232.0 
j 138 | 122.4 | 52.0] 193 293 | 232.9 


134 | 123.5 | 52 4) 194 204 | 233.8 
135 | 124.5 152.71195 255 | 234.7 
125.2 | 53.1] 196 256 | 235.6 
126.1 | 53.5 | 197 257 | 236.6 
127.0 | 53.9] 198 258 | 237.5 
128.0 | 54.37 199 259 | 238.4 
128.9 | 54.7 | 200 260 | 239.3 
129.8 | 55.1 | 201 261 | 240.8 
130.7 | 55.5 | 202 262 | 241.2 
131.6 | 55.9 | 208 263 | 242.1 
132.6 | 56.3 | 204 264 | 243.0 


133.5 | 56.712 
>| 134.4 | 57.0] 
135.3 !57.4]: 
136.2 157.8] 2 
137.2 | 58.2 


139.0 | 59.0 271 | 249.5 
139.9 | 59.4 272 | 250.4 
140.8 | 59.8 273 | 251.3 
141.8 | 60.2 274 | 252.2 
142.7 | 60.6 75 | 253.1 
143.6 | 61.0 276 | 254.1 
144.5 161.3 277 | 255.0 
145.4 | 61.7 278 | 255.9 
146.4 62.1 279 | 256.8 
147.3 | 62.5 280 | 257.7 


148.2) 62.9] 5 


63.3 


eS) 
¢ 8 
Y w 
(i) 
DL 
=F 


39.9 282 | 259.6 
40.2 
40.6 
41.0 
41.4 
41.8 
42.2 
42.6 
45.0 


288 | 265.1 
289 | 266.0 
290 | 266.9 


.2| 43:4 
.11 43.8 
44.2 
44.5 
44.9 
45.3 
45.7 
46.1 
46.5 
46.9 

Lat. | Dist.| Dep. | Lat. Dist.| Dep. | 
For 67 Degrees. oar 28m, | 


ee ror TABLE IIL. 
DIFFERENCE OF LATITUDE AND LEPARTURE FOR 24 DEGREES. 1h 36m, 


Hist.) Lat. | Dep. _ Lat. | Dep. Lat. | Dep. 
| 1] 00.9] 00.4 110.5 | 49.2 165.4 98.0 
2101.8] 00.8 6 | 25. 111.5 | 49.6 166.8 21.1] 98.4 
3} 02.7 | 01.2 6 | 25. 112.4 | 50.0 167.2 222.0] 98.8] 
4}03.7| 01.6] 6 5 | 26. 4) 113.3] 50.4 163.1 222.9] 99,2] 
1 5'| 04.6 114.2 | 50.8 169.0 223.8] 99.7] 
| 6] 05.5 115.11 51.2 169.9 224.7] 100.1 
| 7/06.4 116.0} 51.7 170.8 225.6 | 100.5 
| 8|07.3 116.9] 52.1 L737 226.6} 100.9 
| 908.2 117.8 | 52.5 12.7 227.5 | 101.8 
1 101 09.1 118.8 | 52.9 173.6 228.4] 101.7 


111] 10.0 119.7 | 53.8 174.5 229.3] 102.1 
12) 11.0 120.6 | 58.7 175.4 230.2 | 102.5 | 
113/119 121.5| 54.1 176.3 231.1] 102.9 
14} 12.8 122.4 | 54.5 177.2 232.0] 103.3 
115] 13. 123.3 | 54.9 178.1 233.01 103.7 
116 | 14.6 124.2] 55.3 179.1 233.9] 104.1 
1171) 15.5 125.2 | 55.7 180.0 234.8 | 104.5 
118} 16.4 126.1 | 56.1 180.9 235.7 | 104.9 
119117.4 127.0 | 56.5 181.8 286.6 | 105.38 
20} 18.3 127.91 56.9 182.7 237.5 | 105.8 
121119. 128.8] 57.3 183. 3.4] 106.2 | 
#22120.1 129.7 | 57.8 184.5 106.6 
1231 21.0 130.6 | 58.2 185.4 107.0 } 
| 24 | 21.9 131.6] 58.6 186.4 21 107.4 
| 25 | 22.8 132.5 | 59.0 187.5 107.8 
26 | 23.8 133.4 | 59.4 188.2 108.2 § 
27 | 24.7 134.3 | 59.8 189.1 108.6 
28 | 25.6 185.2 | 60.2 190.0 109.0 
29 126.5 136.1 | 60.6 190.9 109.4 
30 | 27.4 137.0 | 61.0 191.8 109.8 
1 3.1 | 28.3 1387.9 | 61.4 192.8 110.2 
32 | 29,2 138.9] 61.8 193.7 110.6 
1331 30.1 139.8 | 62.2 194.6 111.0 
#34.131.1 140.7 | 62.6 195.5 111.4 
135 | 32.0 141.6] 63.0 196.4 111.9 
1 36 | 32.9 142.5 | 63.5 197.3 112.3 
137 133.8 143.4 | 63.9 198.2 12:7 
1 38 | 34.7 144.3 | 64.3 199.2 113.1] 
39 | 35.6 145.3 | 64.7 200.1 113.5] 
1 4.01 36.5 160 | 146.2 | 65.1 201.0 113.9} 
p41 137.5 161 | 147.1165.5 201.9 114.3 | 
1 42 | 38.4 162} 148.0] 65.9 202.8 114.7 
1 43 | 39.3 163 | 148.91 66.3 203.7 115.1 
4 44.140.2 164| 149.8 | 66.7 04.6 115.5] 
845141.1/ 18, ; £7] 165 | 150.7 | 67.1 205.5 260.41 115.9} 
1 46 [1-42.01 18. 5 8 | 43.1] 166 | 151.6 | 67.5 06.5 261.31 116.3] 
1 47 | 42.91 19.1] 1 ; 5} 167 | 152.61 67.9 207.4 262.2] 116.7] 


168 | 153.5 2635. 


Lit 


149 | 44.8 169 | 154.4 | 68.7 209.2 264.0 | 117.5] 
90) 45.7 170 | 155.3 | 69,1 210.1 264.9 | 118.0 
51 | 46.6 


D1 | 46. 156.2 | 69.6 | 231 | 211.0 118.4 
1521 47.5 157.1 | 70.0 211.9 118.8 
p53] 48.4 158.0 | '70.4 212.9 119.2 
1541 49.3 159.0 | 70.8 213.8 119.6 
55 150.2 159.91 71.2 214.7 120.0 
56151.2 160.8 171.6 215.6 120.4 
oT} 52.1 ; 161.7 | 72.0 216.5 3} 120.8 
58 | 53.0 162.6 | 72.4 217.4 121.2 
59 | 53.9 :. } 163.5 | 72.8 2183 121.6 
p60 | 54.8 | 24.4} 6 164.4 | 73.2 | 240 | 219.3 274.1 | 122.0 
y Dist, Dep. Lat. | Dist. ‘Dp. ‘ Dep. | Lat. i Dep. ist.| Dep. Lat. 
wa ot os Kor 66 Degress.) “Siena 4) 24m, | 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 25 DEGREES. 


Lat. 


For 65 Degrees. 


Dep. 


BAN 


76.5 
76.9 


La t. 


228.4 
299.3 


1980.2 


231.1 
232.0 

939.9 
233.8 
234.7 


236 


res 


537.5 5 


240.2 


>| 241.1 


4l 


Lh 40m, 


Dep. 
101.9 § 
102.3 § 
102.75 
103.1} 
108.54 
104.0 | 
104.4 
104.8 } 
105.2 | 
105.7 | 
106.1 | 
106.5 
106.9] 
107.3 } 
107.8 | 
108.2 | 
108.6 } 
109.0 | 
109.5 # 


| 
235 Se 109.9 | 


110.34 
110.7 § 


238.4 | 111.1] 
239.3 | 111.6] 


112.0] 
112.4 


242.0) 112.81 


te) Sine 113.5 § 


243.8 
244.7 


is fe Lat. 
2 218.4 
242 | 219.3 
y 220.2 
; Sat 
. 999 0 
246 | 223.0 
223.9 
: 224.8 
, 220.7 
D( 226 6 
23 Qo" 5 


261.0 
261.9 


: 262.8 


263.7 1 | 
| 264.6 | 1238.4 | 


254.7] 118.8} 
255.6 | 119.2] 
256.5 1119.6] 
257.49 120.0] 
258.3 | 120.4 | 
5/259 2| 120.9] 
260.1 121.3} 
121.7} 
122.1}. 
122.6} 


LES. he 
114.1} 


252.0 (117.5 
252.9) 117.9] 
253.8] 118.3] 


123.0 


3 | 265.5 | 123.8 | 


‘fdist| Lat. Dep. | Dist.) Lat. Dep. | Dist.|_ Lat. | Dep. | Dist.| | Lat. 
1} 00.9] 00.4] 31} 55.3} 25.8 109.7 | 51.1] 181 | 164.0 
2/01.8| 00.8] 62] 56.2] 26.2 110.6 51.6] 1s2| 164.9 
31 02.7/ 01.38] 63] 57.1 | 26.6 111.5 152.0] 1831 165.9 
4|03.6|01.7] 64] 58.0} 27.0 112.4]52.4| 184 166.8 
5}04.5/02.1] 65] 58.9 | 27.5 113.3/52.8]185 167.7 
6 | 05.4] 02.5] 66] 59.8 | 27.9 114.2] 53.2] 186 | 168.6 
7106.8| 03.0] 67] 60.7] 28.3 115.1 | 53.7] 187] 169.5 
81 07.3}03.4] 68| 61.6] 28.7 116.0 | 54.1] 188 | 170.4 

i 9| 08.2] 03.8] 69} 62.5] 29.2 116.9 | 54.5] 1891171.3 

110] 09.1}04.2] 70} 63.4 | 29.6 117.8 | 54.9] 190 | 172.2 

111/10.0}04.6] Ti] 64.8 30.0 118.7 | 55.4] 191 

112110.91 05.1] 72| 65.31 380.4 119.6 | 55.8] 192 
13/11.8| 05.5] 73] 66.2 | 30.9 120.5 | 56.2] 198 
141 12.7] 05.9] 741 67.1/31.3 121.4] 56.6] 194 
15 | 13.6 | 06.3 38.0 | 31.7 122.4 |57.11195 

116| 14.5] 06.8 123.3 | 57.51 196 
17| 15.4 | 07.2 124.2 |57.9] 197 
18 | 16.3 | 07.6 125.1 |58.3]198 

119} 17.2] 08.0 126.0 | 58.7] 199 
20} 18.1} 08.5 126.9 | 59.2] 200 

121 | 19.0 | 08.9 127.8 | 59.6] 201 | 182. 

122.1 19.9 | 09.3 128.7 | 60.0 | 202 | 183. 

| 23 | 20.8 | 09.7 129.6 | 60.4] 203 | 184.0 
24 121.81] 10.1 130.5 | 60.9 | 204 | 184.9 

1 25 | 22.7} 10.6 131.4 | 61.3] 205 | 185.8 

126 | 23.6 | 11.0 182.3 | 61.7] 206 | 186.7 |* 

198 | 25.4] 11.8 134.1 | 62.5 | 208] 188.5 

129 | 26.3 | 12.8 135.0 | 63.0 | 209 | 189.4 

1 30.| 27.2 | 12.7 135.9 | 63.4] 210 | 190.3 

131 /28.1| 13.1 136.9 | 63.8] 211 | 191.2 

1321 29.0] 13.5 137.8 | 64.2 | 212] 192.1 

BE 99.9} 13.9 138.7 | 64.7 | 213 | 193.0 
34.1 30.8 | 14.4 139.6 | 65.1 | 214] 198.9 
35 | 31.7 | 14.8 140.5 | 65.5 | 215} 194.9 
36 | 32.6 | 15.2 141.4 | 65.9] 216] 195.8 

137 | 33.5 | 15.6 142.3 | 66.4] 217 | 196.7 

138 | 34.4] 16.1 143.2 | 66.8 | 218 | 197.6 
39 | 35.3 | 16.5 144.1 | 67.2} 219 | 198.5 
140 | 36.3 | 16.9 145.0 | 67.6 | 220 | 199.4 
41 137.2) 17.8 145.9 | 68.0] 221 | 200.3 

142 (38.1 | 17.7 146.8 | 68.5 | 222 | 201.2 

143 | 39.0] 18.2 147.7 | 68.9 | 223 | 202.1 
44 | 39.9 | 18.6 148.6 | 69.3 | 224 | 203.0 
45 | 40.8} 19.0 149.5 | 69.7 | 225 | 203.9 
46} 41.7 | 19.4 150.4 | 70.2 | 226 | 204.8 

147 | 42.6 | 19.9 151.4 | 70.6 | 227 | 205.7 
48 | 43.5 | 20.8 152.3 |'71.0 | 228 | 206.6 
49 | 44.4 | 20.7 153.2 | 71.4 | 229 | 207.5 
50 | 45.3] 21.1 154.1} 71.8 | 230 | 208.5 
51 | 46.2] 21.6 155.0 | 72.3 | 231 | 209.4 

152 | 47.1 | 22.0 155.9 | 72.7 | 232 | 210.8 
53 | 48.0 | 22.4 156.8 | '73.1 | 233 | 211.2 
54 | 48.9 | 22.8 157.7 | 73.5 | 234 | 212.1 
55 149.8 | 23.2 158,6 | '74.0 | 235 | 213.0 
56 | 50.8 | 23.7 159.5 | '74.4 | 236 | 213.9 

$57 151.7 | 24.1 160.4 | 74.8 | 237 | 214.8 | 100.2 
58 | 52.6 | 24.5 3 }161,3 | 75.2 | 238 | 215.7 | 100.6 
59 | 53.5 | 24.9 162.2 | 75.6 | 239 | 216.6 | 101.0 
60 | 54.4 | 25.4 163.1 |76.1 | 240 | 217.5 | 101.4 


270.1 
271.0 
271.9 


266.5 | 124.2 
267.4 | 124.7 | 
268.3 | 125.1} 
269.2! 125.5 | 


125.9 
126.4 | 
126.8 | 


Dep. {| Lat. 
4h 20m, 


42 | TABLE IH, ) 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 26 DEGREES, 1h 44m, 


Dist.| Lat. | Dep.| Dist.| Lat. | Dep. Lat. | Dep. | Dist.| Lat. Dep. Dist.} Lat. | Dep. 


1/00.9100.4] 61! 54.8] 26.7 108.8153 162.71 79.3] 241 }216.6| 105.6 
2101.8/00.9| 62 53.7] 27.2 109.7 163.6] 79.8] 242 | 217.5 | 106.1 


27.6 | 12: 
28.1] | 
28.5 
28.9 
29.4 


243 | 218.4 | 106.5] 
244 | 219.3 | 107.05 
245 | 220.2 | 107.4 | 
246| 221.1] LO7.8 
247 | 222.0 | 108.3 | 


638 164.5] 80.2 
165.4} 80.7 
166.3] 81.1 
$1 167.2| 81.5 


168.1} 82.0 


3102.7] 01.3 
4| 03.6] 01.8 
5 | 04.5 | 02.2 
6 | 05.4 | 02.6 
7106.3 | 03.1 


8 | 07.2 | 03.5 29.8 115.0 88} 169.0} 82.4] 248 | 222.9 | 108.7 
9} 08.1 | 03.9 30.2 115.9 169.9} 82.9] 249 | 223.8 | 109.2 


SVE VON HE Oo Se & 
cour worveucdc 


pad 
oo 
5 4 is 
og gre on Sr gr on Ore 


10 | 09.0 | 04.4 170.8) 83.3 | 250 | 224.7 | 109.6 | 


11/09.9 | 04.8 31.1 117.7 157.4 171.7 71251 1225.6} 110.0 
1121 10.8 | 05.3 31.6 118.6 157.9] 1921 172.6 252 |226.51110.54 


13 | 11.7 | 05.7 
14] 12.6 | 06.1 
£15] 13.5 | 06.6 


253 | 227.4. 110.9] 
254 | 228.3 | 111.3 
255 | 229.2) 111.8] 


173.5 
174.4 


1T9.3 


16) 14.4 | 07.0 : 176.2 256 | 230.1 | 112.2] 
17 | 15.3 | 07.5 33.8 123.1 | 60.1 1775) 2571 231-0 1112.79 


258 | 231.9] 113.1] 
259 | 282.8 | 113.5 
260 | 233.7 | 114.0} 


261 | 234.6 | 114.4 
262 | 235.5 | 114.98 
268 | 236.4 | 115.8 
264 | 237.3/115.7] 
265 | 238.2 | 116.2] 
266 | 239.1 | 116.6 
267 | 240.0 | 117.08 
186.9] 91.2] 268 | 240.9 | 117.5 
i878} 91.6]269 | 241.8] 117.9] 
18C.7] 92.1] 270 | 242.7] 118.4 


189.6 | 92.5] 271 | 243.6 | 118.8 
190.5| 92.9] 272 | 244.5 | 119.2 
191.4! 93.4] 278 | 245.4 | 119.7 
192.3: 93.8] 274 | 246.3 | 120.1 
193.2, 94.2] 275 | 247.2 | 120.6] 
194.1| 94.7] 276 | 248.1 | 121.0] 
277 | 249.0 | 121.4 
278 | 249.9 | 121.9} 
279 | 250.8 | 122.8 
280 | 251.7 | 122. 

281 | 252.6 | 123.25 
282 | 253.5 | 123.65 
283 | 254.4 | 124.1 $ 
984 |255.3 | 124.56 
285 | 256.2 | 124.99 
286 | 257.1 | 125.49 
287 : 258.0 | 125.8 
288 | 258.9 | 126.3 
289 | 259.8 | 126.7 


18} 16.2 | 07.9 
19 | 17.1 | 08.3 
120] 18.0} 08.8 
121 118.9 | 09.2 
22} 19.8 | 09.6 
123 | 20.7] 10.1 
124 | 21.6 | 10.5 
125 | 22.5 | 11.0 
26 }23.4| 11.4 
127 | 24.3/11.8 
£28 | 25.2 | 12.3 
129 | 26.1 | 12.7 
130 | 27.0 | 13.2 
31 | 27.9} 13.6 
32 | 28.8 | 14.0 
33 | 29.7 | 14.5 
134 | 30.6 | 14.9 
135 131.5 | 15.3 
36 | 832.41 15.8 
137 | 33.3 | 16.2 
138 | 34.2 | 16.7 
39 | 35.1]17.1 43.4 
140 | 36.0 | 17.5 43.8 


me fe | | | 


41} 36.9 | 18.0 44.3 
| 42 | 37.7 | 18.4 44.7 
43 | 38.6] 18.8 .6 | 45.2 
44 | 39.5 | 19.3 45.6 
45 | 40.4 | 19.7 46.0 
46 | 41.3 | 20.2 46.5 
AT | 42.2 | 20.6 46.9 
48 | 43.1 | 21.0 47.3 
49 | 44.0 | 21.5 


178.0 
178.9 
179.8 


180.7] 88.1 
[81.6] 88.6 
182.5} 89.0 
183.4] 89.4 
184.3} 89.9 
185.2] 90.3 
186.1] 90.7 


126.7 | 61.8 
127.6 | 62.2 
128.5 | 62.715 
129.4 | 63.1 
130.3 | 63.6 |: 
131.2|64.0]5 
132.1 | 64.4]: 
133.0 | 64.9] 2 
133.9 | 65.8 


37.7 
08.1 
38.6 
39.0 
09.9 
39.9 
40.3 
40.8 
41.2 
41.6 
3 | 42.1 
42.5 
43.0 


200.4} 97.8 
201.38} 982 
5 | 202.2] 98.6 
26 | 203.1} 99.1 
204.0) 99.5 
3} 204.9] 99.9 
205.8 | 100.4 


150| 44.9|2 48.2 152.8] 74.5 206.7 | 100.8 | 290 | 260.7 | 127.1} 
151 (45.8 22.4 48.7 153.7 | 75.0 207.6 | 101.8] 291 | 261.5 | 127.6} 
521467 49.1 154.6 | 75.4 | 232 | 208.5 | 101.7] 292 | 262.4 | 128.0} 
153] 47.6 49.5 155.5 |'75.8 | 233 | 209.4 | 102.1] 293 | 268.3 | 128.4 
154) 48.5]: 50.0 156.4 | 76.3 | 234 | 210.3 | 102.6 | 294 | 264.2 | 128.9 
155 | 49.4]; 50.4 157.3 | 76.7 | 235 | 211.2} 103.0 | 295 | 265.1 | 129.3 
156 | 50.3 | 24. 50.9 158.2|77.2| 236 | 212.1} 103.5 | 296 | 266.0 | 129.8 | 
57 | 51.2| 25. 51.3 159.1 | 77.6] 237 | 213.0! 103.9 }297 |.266.9 | 130.2 | 
158 | 52.1 |: 51.7 160.0 | 78.0 213.9 | 104.3 | 298 | 267.8 | 130.6 | 
52.2 160.9 | 78.5 


59 | 53.0 | 25 
1 60 | 53.9 | 26. 
Dist] Dep. | Lat. | Dist. 


214.8] 104.8 
215.71 105.2 


: 299 | 268.7 | 131.1 | 
: 300 | 269.6 | 131.5] 
Den. | Lat. |Dist| Dep. | Lat | Dist} Dep. | Lat, 


For 64 Devrees. ; 4 ]6m, § 
Las? oon : Cm RES Poon = PORE 362 ST Rie ET AR LTE I PU 


111.4156.7| 185 ane 
112.3 ]57.2] 186 | 165.7 
113.2 |57.7| 187 | 166.6 
114.0 158.1] 188 | 167.5 
114.9|58.6]189 | 168.4 
115.8 | 59.0] 190 | 169.8 
116.7|59.511911] 170.2 
117.6| 59.9] 1921 171.1 
118.5 | 60.4] 198 | 172.0 
119.4| 60.8] 194| 172.9 
120.3 | 61.8|195 | 173.7 
121.2| 61.7|196 | 174.6 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 27 DEGREES. 14 48m, 
108.7 | 55.4 | 182 | 162.2 
216.5 
219.2 


TABLE Il. RR tame See 
Dist| Lat. | Dep.|Dist.] Lat. | Dep.[Dist.] Lat. | Dep.[Dist.] Lat. | Dep. [Dist.] Lat. | Dep. 
107.8 | 54.9] 181 | 161.3 214.7| 109.4] 
215.6 
109.6 | 55.8 | 188 163.1 
110.5 | 56.3] 184] 163. 217.4 
218.3 
220.1 
21.0 


Se cs Ones ee 
Zs 
> on = 
oS 
wo 
(or) 
or 
[i 
=} 
co 
Ci) 
<© 
or 


2219 


222.8 


110} 08.9] 04.5] 70] 62.4)381.8] 13 


223.6 

24.5 
D3 305, 4 
296.5 $ 
Vp D 9») 
PAS | 


17|15.1|}07.7] 77} 68.6]385.0 122.1 | 62.2 F197) 175.5 ot | 229.0) 116.7 
18] 16.0}08.2] 78] 69.5 | 39.4 128.0 | 62.7 | 198 | 176.4 229.9) 1171 
19} 16.9} 08.6] 79} '70.4| 35.9 125.8 | 63.1 1199 | L775 
20}17.8)09.1] SO} 71.3) 356.8 124.7 | 63.6 | 200 | 178.2 


12.8 125.6 | 64.0 | 201 | 179.1 
22)19.6}10.0] 82] 73.1) 37.2 126.5 | 64.5 | 202 | 180.0 
23 | 20.5 | 10.4 3| 74.0) 37.7 127.4 | 64.9 | 208 | 180.9 234.5] 119.4 
924) 21.4/10.9] 84] 74.8] 38.1 128.3 | 65.4 | 204 | 181.8 230.2 | 119.9 
29 | 22.5) 11.8] 85] 75.7 | 38.6 129.2 | 65.8 | 205 | 182.7> 236.1 | 120.3 
26 | 23.2/11.8] 86] 76.6 | 39.0 130.1 | 66.3 | 206 | 183.5 237.0 | 120.8 
271 24.11/12.3] 87| 77.5)39.5 131.0 | 66.7 | 207 | 184.4 297.9 | 121.2 
28 | 24.9)12.7] 88} 78.4] 40.0 131.9 | 67.2} 208 | 185.3 238.8 | 121.7 
1291 25.8] 13.2] 89) 79.3) 40.4 132.8 | 67.6 | 209 | 186.2 239.7 | 122.1 
430) 26.7115.6}) 90} 80.2} 40.9 133.7 | 6=.1] 210 | 187.1 240.6 ! 122.6 


Pabfeto| i441) 91) 81.1 }41.3 
132) 28.5114.5] 92] 82.0/41.8 
133 | 29.41 15.0] 93] 82.9]42.2 
134130.3/15.4] 94] 83.8] 42.7 
35131.2/15.9] 95| 84.6] 43. 
36 | 32.1116.3] 96] 85.5 | 43.6 
37/33.01}16.8] 97} 86.4] 44.0 
38 | 33.9117.8] 98] 87.8] 44.5 
39 |31.7/17.7] 99] 88.2] 44.9 
40 }35 6] 18.2] 100] 89.1 | 45.4 
41136.5118.6] 101] 90.0} 45.9 
142 137.4/19.1]102] 90.9] 46.3 
143 138.3]19.51103] 91.8] 46.8 
144 139.2| 20.0] 104] 92.7] 47.2] 
145 | 40.1} 20.4105] 93.6] 47.7 
146} 41.0/20.91106] 94.4] 48.1 


154.5 | 68.6 | 211 | 188.0 
135.4 | 69.0 | 212 | 188 9 
136.3 | 69.5 1213 | 189.8 
137.2 | 69.9 | 214 | 190.7 
158.1 | 70.4] 215 | 191.6 
139.0 | 70.8 | 216 | 192.5 
7 (139.9 | 71.3] 217 | 193.8 
140.8 | 71.7] 218 | 194.2 
140.7 | 72.2] 219 | 195.1 
142.6 72.6.) 220 | 196.0 
145.5 73.1 221 ae 
144.5 | 73.5 | 222 | 197. 

145.2 | 74.0 | 223 Hee 
146.1 | 74.5 | 224 | 199.6 
147.0 | 74.9 | 225 | 200.5 
147.9 | 75.4 | 226 | 201.4 


127.6 | 


« . 5 


220.8 | 117.6} 
251.7 118.0 
232.6 | 118.5 
262 | 233.4 | 118.9 

ee 

2 

] 

0 

8) 
29.8 | 


47 | 41.9|21.8]107] 95.3 | 48.6 148.8 | 75.8 | 227 | 202.3 255.7 | 130.3 ¢ 
48} 42.8/21.8]108}] 96.2 | 49.0 149.7 | 76.3 | 228 |'203.1 256.6 | 150.7 | 
49 | 43.7 | 22.2]109] 97.1 | 49.5 150.6 | 76.7 | 229 | 204.0 957.5 | 131.2 & 
50 | 44.6 | 22.7] 110] 98.0 | 49.9 151.5 | 77.2 | 230 | 204.9 258.41) 151.7] 
51145.4]23.2]7 111] 98.9|50.4]171 | 152.4 | 77.6 | 2381 | 205.8 259.3) 13921 I 
521 46.3 | 25.61112) 99.8 | 50.8] 172] 153.3 | 78.1 | 232 | 206.7 260.2 | 132.6 | 
53 | 47.2 | 24.11113} 100.7 | 51.3 | 173 | 154.1 | 78.5 | 233 | 207.6 261.1) 133.0 
541) 48.1 | 24.5] 114] 101.6 | 51.8] 174} 155.0 | 79.0 | 234 | 208.5 262.0 | 133.5 
55 149.0 | 25.0] 115] 102.5 | 52.21 175 | 155.9 | 79.4 | 235 | 209.4 262.8 | 133.9 
156 149.9 | 25.4] 116] 103.4 | 52.7] 176 | 156.8 | '79.9 | 236 | 210.3 2638.7 | 134.4 § 
157 {50.8 | 25-9 | 117] 104.2 | 53.1| 177 | 157.7 | 80.4] 237 | 211.2 264.6 | 134.8 | 
58 151.7 | 26.58] 118] 105.1 | 538.61 178 | 158.6 | 80.8 | 258 | 212.1 265.5 | 135.3 
59 152.6 | 26.8] 119] 106.0 | 54.07 179 | 159.5 | 81.3 | 239 | 213.0 26.4) 135.75 
460 | 53.5 | 27.2] $20} 106.9 | 54.5] 180 | 160.4 | 81.7 240 | 213.8 267. 3 136.2 
Dist} Dep. | Lat. Dist.) Dep. | Lat. } Dist.| Dep. | Lat. tDist.1 Dep. | Dep. <a 


Por 63 Decrees. 4b ] Bin, 


SRO LE oF 2 AE i RE 


TXB ee 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 28 DEGREES. 


Dist} Lat. | Dep. | Dist.| Lat. | Dep. 
1 | 00.9 28.6 
2/018 29.1 

F 3 | 02.6 29.6 

| 4/ 03.5 30.0 
5|04.4 30.5 
6 | 05.3 31.0 

| 7 | 06.2 31.5 

1 8/07.1 31.9 

1 9| 07.9 $2.4 

110/ 08.8 32.9 

Hil | 09.7 33.3 

#12) 10.6 ook 

113} 11.5 34.3, 

114] 12.4 34.7 
15 | 18.2 35.2 

116) 14.1 MY S57 

117 | 15.0 .0 | 36.1 

118|15.9 .9 | 36.6 

119} 16.8 8 | 37.1 

4201 17.7 .6 | 37.6 

F211) 18.5 5138.0 

| 22 19.4 2.4 138,9 

1 23 | 20.8 3.8 | 39.0 

124 | 21.2 39.4 

| 25 | 22.1 5:1 | 39.9 
26 | 23.0 75.9 | 40.4 

127 | 23.8 76.8 | 40.8 

1 28 | V4.7 VTTALS 

129 | 25.6 78.6| 41.8 

130 | 26.5 79.5 | 42.5 

131 | 27.4 80.3 | 42.7 
32 | 28.3 81.2 | 43.2 

133 | 29.1 82.1 | 43.7 

#34 | 30.0 §3.0 | 44.1 

| 35 | 30.9 | 83.9 | 44.6 

136| 31.8 84.8 | 45.1 

H 37 | 32.7 85.6 | 43.5 
38 | 33.6 86.5 | 46.0 
39 | 34.4 87.4 | 46.5 

140 | 35.3 88.3} 46.9 

1 41 | 36.2 89.2 | 47.4 
42137.) 90.1 | 47.9 

1 43 | 38.0 90.9 | 48.4 

144] 38.8 91.8} 48.8 

145 | 39.7 92.7 | 49.5 

} 46 | 40.6 93.6] 49.8 

147 | 41.5 94.5 | 50.2 

1 48 | 42.4 95.4 | 50.7 

149 | 43.3 96.2 | 51.2 
50 | 44.1 97.11 51.6 
51 | 45.0 98.0 | 52.1 
52 | 45.9 98.9 | 52.6 
531468 99.8 | 53.1 
54 | 47.7 100.7 | 53.5 
55 | 48.6 101.5 | 54.0 
56 | 49.4 102.4154.5 
57 | 50.3 103.3 | 54.9 

158 | 51.2 104.2] 55.4 
59 | 52.1 105.1 | 55.9 
60 | 53. 106.0 | 56.8 

Dist. Dep. Dep Lat. 

Recnencameviine WREY 


For 62 Degrees. 


1h 52m, 


a SeeeeeeeEeEeE Eee 


| Lat, | Dep. Dist.| Lat. | Dep. Dist.| Lat. | Dep. } 
106.5 |56.81181| 159.8] 985.0] 241 | 212.8] 113.19 
107.7 | 57.8] 182] 160.7] 85.4 | 242 | 213.7 | 113.65 
108.6 | 57.7] 183} 161.6] 85.9] 248 | 214.6] 114.1] 
109.5 158.2] 184] 162.5| 86.4|244| 215.4] 114.6} 
110.4158.7] 185 1163.8} 86.9] 245 | 216.3 | 115.0] 
111.8} 59.2] 186.) 164.2| 87.8] 246 | 217.2] 115.55 
112.1 159.6] 187] 165.1 | 87.8] 247 | 218.1 | 116.0] 
113.0} 60.1] 188] 166.0} 88.3] 248 | 219.0] 116.44 
113.9 | 60.6] 189 | 166.9} 88.7] 249 | 219.9) 116.94 
114.8} 61.01 190] 167.8] 89.2] 250 | 220.7 | 117.4 F 
Rekak R200 ALT 
115.7161.51191 1168.6} 89.7] 251 | 221.6] 117.8] 
116.5 | 62.0] 192] 169.5 | 90.1 | 252 | 222.5) 118.35 
117.4 | 62.4] 1931170.4] 90.6 293.4| 118.8] 
118.3] 62.9]194/ 171.8] 91.1 924.3 | 119.2] 
119.2] 63.4] 195 | 172.2| 91.5] 255 | 225.21119.7% 
120.1 | 63.8} 196 | 173.1] 92.0 226.0 | 120.2 | 
121.0] 64.8] 197] 173.9| 92.5 2265.9 | 120.7} 
121.8 164.8] 1981174.8| 93.0] 258 | 227.8) 121.1] 
122.7165.311991175.7| 93.41 259 | 228.7 | 121.6} 
123.6.| 65.7] 200 | 176.6| 93.9 | 260 | 229.6 | 122.1} 
124.5 | 66.2|201| 177.5} 94.4] 261 | 230.4 | 122.5 | 
125.4 66.7 | 202 |-178.4| 94.8 | 262 | 231.8 | 123.04 
126.3 | 67.1 | 203 | 179.2] 95.8 | 268 | 232.2 | 123.5 fF 
127.1 | 67.6 | 204| 180.1 | 95.8] 264 | 233.1 | 123.9} 
123.0 | 68.1] 205] 181.0] 96.2 | 26 234.0 124.4 | 
128.9 168.5] 206/ 181.9! 96.7 | 266 | 234.9 | 124.9 
129.8 | 69.01 207 | 182.8 | 97.2]. 235.7 | 125.8 
130.7 169.5 | 208] 183.7] 97.7 236.6 | 125.8 
131.6|70.01209} 184.5] 98.1 237.5 | 126.89 
132.4} 704/210] 185.4} 98.6] 270 |23s.4] 1268 
133.3 | 70.9] 211] 186.8] 99.1] 271 | 239.3 | 127.2 
134.2 | 71.4] 212] 187.2| 99.5 [272 , 240.2 | 127.7 
135.1 171.8} 213] 188.1 | 100.0 | 273 | 241.0 128.2] 
136.0 | 72.3 189.0 | 100.5 | 274 | 241.9} 128.6 | 
136.9 | 72.8 189.8 | 100.9] 275 | 242.8 129.1] 
1IST7AT8.2 190.7 | 101.41 276 | 243.7 | 129.6 
138.6 | 73:7 191.6 | 101.9 | 277 | 244.6 | 130.0 
139.5 | 74.2 192.5 | 102.3] 278 | 245.5 | 130.5 | 
140.4 | 74.6 193.4] 102.8 [279 | 246.3 1131.0] 
141.3| 75.1 194.2} 103.8 280 |217.2| 131.5] 
142.2| 75.6 195.1 | 103.8 | 281 | 248.1 | 131.9] 
143.0 | 76.1 196.0 | 104.2 | 282 | 249.0 | 132.4 
143.9| 76.5 196.9 | 104.7 | 283 ; 249.9 | 132.9 
144.8 | 77.0 197.8 | 105 2] 284! 250.8 | 133.38 
145.7 | 77.5 198.7 | 105.6 | 285 | 251.6 | 133.8 
146.6 | 77.9 19.5 | 106.1 | 286 | 252.5 | 134.8 
147.5 |78.4 200.4 | 106.6 | 287 2583.4 | IS4.7] 
148.3 | 78.9 201.3] 107.0] 288 | 254.3! 135.2] 
149.2/79.3| 220 | 202.2 | 107.5 | 289 | 255.2 | 135.7] 
150.1 [79.8 | 230 | 203.1 | 108.0 | 290 | 256.1; 136.1 f 
151.0) 80.3 204.0 | 108.4] 201 | 256.9 | 136.6 | 
151.9/80.7 204.8 | 108.9 | 292 | 257.8 | 137.1 
152.7} 81.2 205.7 | 109.4 | 293 | 258.7 | 137.6 
153.6 | 81.7 906.6! 109.9 | 294 | 259.6 | 138.0 | 
154.5 | 82.2 207.5 | 110.3 | 295 | 260.5 | 138.5 
155.4 | 82.6 208.4} 110.8 | 296 | 261.4 | 139.0 
156 3| 83.1 1909.31 111.3 | 207 | 262.2 | 139.4 
157.2183.6 | 238 | 210.11 111.7] 298 | 263.1 | 139.9 
158.0!184.0] 239 | 211.0 | 112.2 | 299 | 264.0 | 140.4 
158.9184.5} 240 | 211.9 | 112.7] 300 | 264.9 | 140.8 
Dep. | Lat. | Dist.} Dep. | Lat. | Dist.| Dep. | Lat. 
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TABLE IL 45 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 29 DEGREES. 1h 56m, 
Dist. Lat. | Dep. | Dist; Lat. | Dep. 
1100.9100.5} 61] 53.4] 29.6 
2/01.7|01.0] 62] 54.2]30.1 
3102.61/01.5) 6381 55 1130.5 
4103 5101.9] 64] 56.0/31.0 
51 04.4102.4] 65) 56.9) 381.5 
61 05.2102.91 66] 57.71 382.0 
7106.1103.41 67] 58.6] 62.5 
81 07.0103.9] 68] 59.51/38. 
i 9107.9 04.4] 69; 60.3 | 33.5 
110 OS.7} 04.8} 70} 61.2 | 33.9 


Dist. Lat. Dep. | Dist. Dist.| Lat. Dep. Dist. Lat. Dep. { 
12] 


105.8] 58.7] 181] 158.3] 87.8]241/210.811168] 
106.7 | 59.1] 182} 159.2] 88.9) 242 | 211.71117.3] 
3.| 107.6 | 59.6] 183 | 160.1} 88.7) 243 | 212.51117.8 % 
108.5 | 60.1 | 184] 160.9} 89.2]244/213.4/ 118.3} 
109.3 | 60.6] 185 | 161.8} 89.7] 245 | 214.3] 118.8 | 
110.2 | 61.1] 186 | 162.7] 90.2] 246 | 215.2] 119.3 | 
111.1] 61.6] 187] 163.6] 90.7] 247 | 216.0] 119.7 
112.0] 62.1] 1881164.4] 91.1] 248 | 216.9] 120.2 | 
112.8 | 62.5} 189 | 165.3] 91.6 1249 | 217.8 | 120.7 } 
113.7| 63 01190 | 166.2} 92.1 ]250 | 218.7] 121.2] 


#111;09.6/05.31 71] 62.1134.4 114.6] 63.5] 1911 167.1] 92.6] 251 | 219.5 | 121.7 
112110.5]05.8] 72] 63.0]34.9 115.4 | 64.0] 192] 167.9] 93.1 | 252 | 220.4 | 122.2 | 
#13111.4/06.8] 73] 68.8] 35.4 116.3] 645]193/168.8] 93.6] 253 | 221.3 | 122.7 | 
P14} 122/068] 74] 64.7 [35.9 117.2 | 65,0] 194] 169.7] 94.1 | 254 | 222.2 | 128.1 | 
115] 13.1/07.3] 75] 65.6] 3.4 118.1 | 65,.4]195] 170.6] 94.5 | 255 | 223.0 | 123.6 | 
1161 14.0)07.8] 76) 66.5/568 118.9 | 65.9] 196]171.4} 95.0] 256 | 223.9} 124.1 f 
71149103 21 97) 67.3.| 37.3 119.8 | 66,4197 | 172.3] 95.5 | 257 | 224.8 | 124.6 | 
P18}15.7108.7} 78} 68.2] 387.8 120.7 | 66.9] 198 | 173.2] 96.0] 258 | 225.7 | 125.1 | 
119! 16.6)09.2} 79] 69.1 | 38.3 121.6] 67.4 ]199 | 174.0] 96.5 | 259 | 226.5 | 125.6 | 
1201 17.5109.7] SO} 70.0/3s.8 122.4 | 67,9 | 200] 174.9 | 97.0 | 260 | 227.4 | 126.1} 
21/18.4/ 10.24) 81) 70.81 39.3 Les ts: G~.4 201)175.8] 97.4] 261 | 228.3 | 126.5 
#22] 19.2110.7] 82] 71.7| 39:8 124 2] 68.8 | 202 1176.7} 97.9 | 262 | 229.2 | 127.0 | 
123) 20.1) 11.2] 83} 72.6) -40.z 125.1 | 69.3 | 2031 177.5| 98.4] 263 | 230.0] 127.5 
P24) 21.0) 11.6] 84] 73.5] 40.7 125.9 | 69.8 | 204 | 178.4] 98.9] 264 | 230.9 | 128.0 
fe 21.9) 12.1) 851 74.3) 41.2 126.8 | 70.8 | 205 | 179.3] 99.4] 265 | 231.8 | 128.5 
261 22.7] 12.6] 86] 75.2| 41.7 127.7 170.8 | 206 | 180.2} 99.9] 266 | 232.6] 129.0 
277 23.61 13.1) 87 | 76.1 | 42.2 128.6 | 71.8 | 207} 181.0 | 100.4 | 267 | 233.5 | 129.4 
28/24.5113.6] 88] 77.0] 42.7 129.41 71.8] 208 | 181.9] 100.8 | 268 | 234.4 | 129.9 | 
9291 25.4) 14.1] 89] 77.8)43.1 130.3 | 72.2 | 209 | 182.8 | 101.8 | 269 | 235.3 | 130.4 
130 | 26.21 14.5] 90] 78.7] 43.6 131.2] 72.7 | 210 | 183.7 | 101.8 | 270 | 286.1 | 130.9] 
#311 27.1/15.0} 911 79.6] 44.1 132.1 | 73.2] 211 | 184.5] 102.3 | 271 | 237.0] 131.4 | 
32 128.0/}15.5}] 921 80.5/44.6 132.9 | 73.7 | 212 | 185.4 | 102.8 | 272 | 227.9] 131.91 
133 /28.91 16.0] 93] 81.8}45.1 133.8 | 74.2] 213 | 186.3 | 103.3 | 273 | 238.8 | 132. 
1341 29.7116.5] 94] 82.2} 45.6 134.7 | 74.7] 214 | 187.2] 108.7 | 274 | 239.6 | 132.8 
35 130.61 17.0] 95] 83.1] 46.1 135.6 | 75.1] 215 | 188.0 | 104.2 | 275 | 240.5 | 133.3 | 
36131.5117.5] 96] S4.0]46.5 136.4 | 75.6] 216 | 188.9 | 104.7 | 276 | 241.4 | 123.8 | 
137 132.4] 17.9] 97] 84.8147.0 137.3 | 76.1] 217] 189.8 | 105.2 | 277 | 242.3 | 134. 
138 133.2]) 18.4] 98] 85.7] 47.5 138.2 | 76.6 | 218 | 190.7 | 105.7 | 278 | 243.1 | 134.8 | 
39 B41] 18.91 99] 86.6} 43.0 139.1 | 77.1} 219 | 191.5 | 106.2 | 279 | 244.0] 185.3 
1401850] 19.4]100) 87.51 48.5 13.9 | 77.6 | 220 | 192.4 | 106.7 | 280 | 244.9 | 135.7 
141(35.9) 19.9101} 83.3] 49.0 140.8 | 78.1 | 221,) 193.3 | 107.1 | 281 | 245.8 | 136.2] 
142) 36.7| 20.4] 102] 89.2] 409.5 141.7 | 78.5 | 222 | 194.2 | 107.6 | 282 | 246.6 | 136.7 | 
#431 37.6/20.8]103] 90.1} 49.9 142.6 | 79.0 | 223 | 195.0 | 108,1 | 283 | 247.5 | 137, 
§44138.5/21.31 104] 91.0] 50.4 143.4 | 79.5 | 224 | 195.9 | 108.6 | 284 | 248.4 | 137.7 
145 139.4) 21.8]105] 91.8]50.9 144.31 $0.0 | 325 | 196.8] 109.1 | 285 | 249.3] 188.2 
1.46 | 40.2} 22.81 106) 92.71 51.4 145.2 | 80.5 | 226 | 197.7 | 109.6 | 286 | 250.1 | 138.7 
P47] 41.1} 22.81107] 93.6] 51.9 146.1 | 81.0] 227 | 198.5 | 110.1 | 287 | 251.0] 189.1 
£48 | 42.0) 23.38] 108] 94.5 | 52.4 146.9 | 81.4 | 228 | 199.4] 110.5 | 288 | 251.9] 139.6 | 
-$49142.9] 23.8] 109] 95.8 | 52.8 147.8 | 81.9 | 229 | 200.3 | 111.0] 289 | 252.8 | 140.1 
150] 45.7] 24.2] 110) 96.2) 53.3 148.7 | 82.4 | 230 | 201.2 | 111.5 | 290 | 253.6 | 140.6 
51 }44.6/24.7/ 111] 97.1153.8 149.6 | 82,9 | 231 | 202.0/ 112.0] 291 | 254.5 | 141.1 
521 45.5 | 25.21 112] 98.0/54.3 150.4 | 83.4 | 232 | 202.9 | 112.5 | 292 | 255.4 | 141.6 
153146.4/25.71113] 93.8]54.8 151.8 | 83.9 | 233 | 203.8 | 113.0] 293 | 2° 6.3 | 142.0 
54 147.2 25.21114} 99.7] 55.3 152.2! 84.4] 234 | 204.7] 113.4] 294 | 257.1 | 142.5 
55 48.1 | 26.7] 115 | 100.6 | 55.8 153.1 | 84.8 | 235 | 205.5 | 113.9 | 295 | 258.0 | 143.0 
56 49.0127.1] 116] 101.5 | 56.2 153.9 | 85.3 | 236 | 206.4} 114.4 | 296 | 258.9 | 143.5 
57 | 49.9 | 27.6] 117] 102.8 | 56.7 154.8] 85.8 | 237 | 297.3 | 114.91 297 | 259.8 | 144.0 
58 | 50.7 | 28.1] 118 | 103.2 | 57.2 155.7 | 88.3 | 238 | 208.2 | 115.4] 298 | 260.6 | 144.5 
59 151.6 | 23.6] 119 | 104.1 | 57.7 156.6 | 86.8 | 239 | 209.0 | 115.9 | 299 | 261.5 | 145.0 
60 152.5 | 29.1 | 129] 105.0 | 58.2 157.4 | 87.3 | 240 | 209.9 | 116.41 800 | 262.4 | 145.4 
Dist Dep. | Lat. | Dist.| Dep. | Lat. Dist. Dep |! Lat. }Dist.! Dep. | Lat. }Dist.| Dep. | Lat. 


For 61 Degrees. 4 4m, 


46 


TAB Hane 
’ \ ° 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 30 DEGREES. 2h0m, 


Dist] Lat. | Dep. | Dist.] Lat. | Dep. | Dist. Lat. | Dep. | Dist.) Lat. | D 

1!00.9 8 | 30.5 104.8 | 60.5] 181 | 156.8 

2101.7 31.0 105.7 | 61.0] 182] 157.6 

3102.6 31.5 106.5 | 61.5] 183} 158.5 

4103.5 32.0 107.4 | 62.0] 184 | 159.3 

5} 04.3 32.5 108.3 | 62.5] 185 | 160.2 

61052 33.0 109.1 | 63.0] 186 | 161.1 

7106.1 33.5 110.0 | 63.5} 187 | 161.9 

8106.9 34.0 110.9 | 64.0] 188 | 162.8 

9| 07.8 34.5 111.7 | 64.5 | 189 | 163.7 

10 | 08.7 35.0 112.6 | 65.0] 190] 164.5 

11| 09.5 35.5 113.4] 65.5]191|165.4] 95. 

121 10.4 36.0 114.3 | 66.0] 192} 166.3} 96 

13] 11.3 36.5 115.2 | 66.5 | 193 | 167.1 

14| 12.1 37.0 116.0 | 67.0] 194] 168.0 

15 | 13.0 37.5 116.9 | 67.5 | 195 | 168.9 

16| 13.9 38.0 | 136 | 117.8 | 68.0] 196 | 169.7 

17| 14.7 38.5 118.6 | 68.5 | 197 | 170.6 Q57 | 222.6 |} 

18 | 15.6 39.0 119.5 | 69.0] 198 | 171.5 258 | 223.4 

19 | 16.5 39.5 120.4 | 69.5 | 199 | 172.3 259 | 224.3 

20) 17.38 40.0 121.2 | 70.0 | 200 | 173.2 | 100.0 | 260 | 225.2 
91118.2 40.5 122.1 |'70.5 | 20: | 174.1 | 100.5 

99119] 41.0 123.0 | 71.0 | 202 | 174.9 | 101.0 

931 19.9 41.5 123.8 | 71.5 | 203 | 175.8 | 101.5 ]- 

24 | 20/8 42.0. 124.7 | 72.0 | 204 | 176.7 | 102.0 

25 121.7 42.5 125.6 | 72.5 | 205 | 177.5 | 102.52 

96 199.5 43.0 126.4 | 73.0 | 206 | 178.4 | 103.0 | 266 

7193.4 43.5 127.3 | 73.5 | 207 | 179.8 | 103.5 
128 | 24.9 44.0 128.2 |74.0] 208 | 180.1 | 104.0] 2 
bog lon 1 44.5 129.0 | 74.5 | 209 | 181.0 | 104.5 
130 | 26.0 45.0 129.9 | 75.0} 210 | 181.9 | 105.0] 

31 126.8 45.5 130.8 | 75.5] 211 | 182.7 | 105.5 | 
39 | 97-7 46.0 | 152] 131.6 | 76.0] 212] 183.6 | 106.0 | 272 | 225.6 | 136.0 § 
33198 6 46.5 132.5 | 76.5 | 213 | 184.5 | 106.5 | 273 | 236.4 | 136.55 
34. | 29.4 47.0 133.4] 77.0] 214 | 185.8 | 107.0 | 274 | 237.3 | 137.0] 
35 | 30.3 AT.5 134.2 | '77.5 | 215 | 186.2 | 107.5 | 275 | 238.2 | 157.5 § 
361812 48.0} 156 | 135.1 |'78.0] 216 | 187.1 | 108.0 | 276 | 239.0 | 138.0 § 
7 | 32.0 48.5 136.0 | 78.5 | 217 | 187.9 | 108.5 | 277 | 239.9 | 138.5 j 
88 132.9 49.0 136.8 | 79.0] 218 | 188.8 | 109.0 | 278 | 240.8 | 139.0] 
39 | 33.8 49.5 137.7 | 79.5 | 219 | 189.7 | 109.5 | 279 | 241.6 | 159.5 | 
40 134.6 50.0 138.6 | 80.0 | 220 | 190.5 | 110.0} 280 | 242.5 | 140.0} 
Al | 35.5 50.5 139.4 | 80.5 | 221 | 191.4] 110.5] 281 | 243.4/ 140.5 
1421 36.4 51.0 140.3 | 81.0 | 222 | 192.8} 111.0] 282 | 244.2] 141.0] 
143 | 37.2 51.5 141.2 | 81.5 | 223 | 193.1 | 111.5] 283 | 245.1 | 141.56 
144138.1 52.0 142.0 | 82.0 | 224 | 194.0 | 112.0 | 284 | 246.0 | 142.0 § 
145 | 39.0 52.5 142.9 | 82.5 | 225 | 194.9 | 112.5 | 
146 | 39.8 53.0] 166 | 143.8 | 83.0 | 226 | 195.7 | 113.0 i 
47 | 40.7 53.5 144.6 | 83.5 | 227 | 196.6 | 113.5 | 287 | 248.5 | 143.5 | 
48 | 41.6 54.0 145.5 | 84.0 | 228 | 197.5 | 114.0] 288 | 249.4 | 144.0 
49 | 42. 4| 54.5 146.4 ; 84.5 | 229] 198.3 | 114.5 | 289 | 250.31 144.5} 
50 | 43 110} 95.3 | 55.0 147.2 | 85.0] 230 | 199.2 | 115.015 ! 
151 | 44.2 Lil} 96.1] 55.5 148.1 | 85.5 1231 | 200.1 | 115.5 
152 | 45.0 112| 97.0} 56.0 149.0 | 86.0 | 232 | 200.9 | 116.0 

3/459 113| 97.9] 56.5 149,8 | 86.5 | 233 | 201.8] 116.5] 2 

54| 46.8 114} 98.7] 57.0 150.7 | 87.0 | 234 | 202.6 | 117.0]: 

55 | 47.6 115| 99.6 | 57.5 151.6 | 87.5 | 235 | 203.5 | 117.5 

56 | 48, 116 | 100.5 | 58.0 152.4 | 88.0 | 236 | 204.4 | 118.0 

57 | 49.4 117 | 101.3 | 58.5 153.3 | 88.5 | 237 | 205.2 | 118.5} 2 

158 | 50.2 | 29.0] 118 | 102.2 | 59.0 154.2 | 89.0 | 238 | 206.1] 119.0] 2 

159 | 51.1 119 | 103.1 | 59.5 155.0] 89.5 | 239 | 207.0] 119.5 

| GO | 52.0 | 80.0 | 120 | 103.9 | 60.0 155.9 | 90.6 | 240 | 207.8 | 120.0]: 

MDist.| Dep. Dist.| Dep. | Lat. | Dist.| Dep. | Lat. | Dist.| Dep. 


for 60 Degrees. 


4) (0m, 


. 
w 
oa 


Lat. 


| 


1} 00.9 | 00.5 
2101.71 01.0 
8102.6] 01.5 
4103.4] 02.1 
5 | 04.3 | 02.6 
6} 05.1 | 03.1 
7106.0 | 03.6 
A 8106.9 | 04.1 
f 9] 07.7 | 04.6 
1101 08.61 05.2 
O9.4 | 05.7 
10.3 | 06.2 
11.1 | 06.7 
12.0] 07.2 
12.9 | 07.7 
3.71908.2 
14.6 | 08.8 
15.4| 09.3 
16.3 | 09.8 
17.1 | 10.3 
18.0} 10.8 
18.9} 11.38 
19.7} 11.8 
0.6 | 12.4 
91.41) 12.9 
22.3 | 13.4 
23.1} 13.9 
24.01 14.4 
24.9) 14.9] 
25.7 | 15.5 
26.6 | 16.0 
aT 16 
28.3 | 17.0 
29.1) 17.5 
30.0 | 18.0 
30.9 | 18.5 
2 ia i | 
32.6) 19.6 
33.4 | 20.1 
34.3 | 20.6 
35.1] 21,1 
36.0] 21.6 
36.9 | 22.1 

rs Buds be ti | 
38.6 | 23.2 
39.4 | 23.7 
40.8 | 24.2 
3141.1 | 24.7 
42.0) | 25.2 
4,9 | 25.8 
43.7 | 26.3 
44.6 | 26.8 
45,4 | 27.3 
46.3 | 27.8 
47,1} 28.3 
48.0; 23.8 
48.9 | 29.4 
49.7 | 29.9 
50.6 | 80.4 
51.4130.9 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 31 DEGREES. 
Dep. | Dist. 


68.6 


69.4 
70.5 
vO 
72.0 


“eo 
40. 


74.6 
75.4 
76.3 
Spe 


72.9 | : 


| | 


36.6] 131 | 112.8 | 67.5 
37.1 2} 115.1 | 68.0 
37.6 114.0} 68.5 
38.1 |. 114.9 | 69.0 
38.6] 135] 115.7 | 69.5 
39.1 >| 116.6 | 70.0 
39.7 117.4 | 70.6 
40.2 118.3} 71.1 
40.7 LIMES 
41.2 120.0 | 72.1 
41.7 120.9 | 72.6 
42,2 21.7 (73.1 
42.7 122.6 | 73.7 
43..¢ 123.4 | 74.2 

3.8 124.3 | 74.7 
44.3 >| 125.1 | 75.2 
44.8 126.0 | 75.7 
45.5 8 | 126.9 | 76.2 
45.8 | 149 | 127.7 | 76.7 
46.4 128.6 | 77.8 
16,9 129.41 77.8 
47.4. 130.5 | 78.8 
47.9 151.1) 78.8 
48.4 132.0 | 79.3 
48.9 132.9 | 79.8 
49.4 33.7 | 80.3 
50.0 134.6 | 80.9 
50.5 135.4] 81.4 
o1.0 186.5 | 81.9 
ay i) -137.1 | 82.4 
52.0 153.0 | 82.9 
52.9 138.9 | 83.4 
53.0 139.7 | 84.0 
53.6 140.6 | 84.5 
54.1 141.4 | 85.0 
54.6 142.3 | 85.5 
59.1 143.1 | 86.0 
55.6 144.0 | 86.5 
56.1 144.9 | 87.0 
56.7 145.7 | 87.6 
5T2 146.6/ 88.1 
57.7 147.4 | 88.6 
58.2 148.3 | 89.1 
08.7 149.1 | 89.6 
59.2 150.0 | 90.1 
59.7 150.9 | 90.6 
60.3 151.7) 91.2 
60.8 152.6 | 91.7 
61.3} 179 | 153.4 | 92.2 
61.81 1804 154.3 | 92.7 
Lat. | Dist.| Dep. | Lat. 


“TABLE Il 


a asap STN Ahm we 72 Oy 
. 


Lat. | Dep. 
121} 103.7 | 62.3 
122 | 104.6 | 62.8 
123 | 105.4 | 63.8 
124 | 106.3 | 63.9 
125 | 107.1 | 64.4 
126] 108.0 | 64.9 
127] 108.9 | 65.4 
128 | 109.7 | 63.9 
129] 110.6 | 66.4 


130) 111.4 


67.0 


47 
Qh 4in, 


Dist. Lat. _ Dep. Dist. Lat. | Dep. 

181] 155.1] 93.2] 241 | 206.6 | 124.1 

182] 156.0] 93.7] 242 | 207.4 | 124.6 
183] 156.9} 94.3} 243 | 208.5 | 125.2 
184 | 157.7] 94 8] 244 | 209.1 | 125.7 
185 | 158.6] 95.3] 245 |} 216.0 | 126.2 
186] 159.4] 95.8] 246] 210.9 | 126.7 
187 | 160.3] 96.3 | 247 | 211.7 | 127.2 
188/161.1] 96.8 [248 | 212.6 | 127.7 
189; 162.0] 97.3]249 | 213.41 128.2 | 
190! 162.9} 97.9]250 | 214.3 | 128.8 ¢ 
191) 163.7] 98.4] 2511 215.1 | 129.3 | 
192] 164.6] 98.9] 252 | 216.0] 129.8 | 
193] 165.4] 99.4] 253 | 215.9] 130.8 
1941 166.3] 99.9] 254} 217.7 | 180.8 | 
195 | 167.1 | 100.4 | 255 | 218.6] 131.8 
196 | 168.0] 100.9 | 256 | 219.41 181.8 
197 | 168.9 | 101.5 | 257 | 220 8 | 132.4 
198 | 169.7 | 102.0 | 258 | 221.1 | 182.9 
199 | 170.6 | 102.5 | 259 | 222.6] 133.4 
200 | 171.4 | 103.0 | 260 | 222.9 | 138.9 
201 | 172.3 | 103.5 | 261 | 223.7] 134.4 
292 | 173.1] 104.0 | 262 | 224.6 | 134.9 
203 | 174.0] 104.6 | 263 | 225.4 | 135.5 
204 | 174.9} 105.1 | 264 | 226.3 | 136.0 | 
205} 1'75.7 | 105.6 | 265 | 227.1 | 136.5 | 
206 | 176.6 | 106.1 | 266 | <2@.0 | 137.0] 
207 | 177.4 | 106.6 | 267 | 228.9 | 187.5 | 
208 | 1'78.3 | 107.1 | 268 | 220.7 | 188.0} 
209 | 179.1 | 107.6 | 269 | 280.6 | 138.5 | 
210 | 180.0} 108.2] 270 | 231.4) 189.1 | 
211} 180.9 | 108.7] 271 | 232.3 | 189.6 J 
212] 181.7] 109.2] 272) 285.1 | 140.1] 
213 | 182.6 | 109.7 | 273 | 234.0 | 140.6 | 
214] 183.4] 110.2] 274 | 234.9] 141.1 f 
215] 184.3] 110.7] 275 | 235.7 | 141.6 | 
216] 185.1] 111.2] 276 | 236.6 | 142.2 | 
217 | 186.0] 111.8] 277 | 237.4 | 142.7 
218 | 186.9 | 112.3 | 278 | 232.3 | 143.2 § 
219| 187.7] 112.8] 279 | 239.1} 143.73 
220 | 188.6] 113.8] 280] 2450.0} 144.2} 
221] 189.4] 113.8] 281 | 240.9 | 144.7} 
922 | 190.31 114.8] 282 | 241.7] 145.2] 
223 | 191.1 | 114.9] 283 | 242.6] 145.8 | 
924 | 192.0] 115.4] 284 | 243.41 146.3 5 
925 | 192.91 115.9] 285 | 244.31 146.8} 
226 | 193.7] 116.4] 286 | 245.1 | 147.8 
227 | 194.6] 116.9 | 287 | 246.0} 147.8 
228 | 195.4] 117.4] 288 | 246.9 | 148.8 } 
229 | 196.3 | 117.9] 289 | 247.7 | 148.8 | 
230 | 197.1] 118.5 | 290 | 248.6 | 149.4 | 
2311198.0] 119.0] 291 | 249.4] 149.94 
232 | 198.9 | 119.5 | 292 | 250.3 | 150.4] 
933 | 199.7} 120.0 | 298 | 251.2] 150.9 
234 / 200.6 | 120.5 | 294 | 252.0] 151.4 
235 | 201.4 | 121.0] 295 | 252.9 | 151.99 
236 | 202.3 | 121.5 | 296 | 253.7 | 152.5 
237 | 203.1 | 122.1 | 297 | 254.6) 153.0 
238 | 204.0 | 122.6] 298 | 255.4 | 1538.5 
239 | 204.9 | 123.1 | 299 | 256.3 | 154.0 
240 | 205.7 | 123.6] 300 | 257.1 | 154.5 

Dist.| Den. Tat. 


Dist. Dep. | Lat. 


For 59. Degrees. 


3° 56m, 


48 


TABLE ll 


DIFFERENCE. OF LATITUDE AND DEPARTURE FOR 82 DEGREES. 2h 8m, 
ee 


Dist.) Lat. | Dep. | Dist. Dep. } Dist. | Lat. | Dep. Dist.| Lat. Dep. Dist.| Lat. | Dep. § 
1 1100.81 00.5 7 | 32.31 121 | 102.6 | 64.1] 181] 153.5] 95.9] 241 |} 204.4 | 127.7) 
f 2101.7] 01.1 52.6 | 32.9 | 122 | 103.5 | 64.7] L2] 154.3] 96.4] 242 | 205.2 1128.2] 
1 3/ 02.5] 01.6 53.4 | 33.4] 123 | 104.3 | 65.2] 183 | 155.2] 97.0] 248 | 206.1 | 128.8} 
1 4| 03.4 | 02.1 33.9 | 124] 105.2 ' 65.7] 184] 156.0] 97.5 | 244 | 206.9 | 129.3 | 
1 5] 04.2 | 02.6 34.4| 125] 106.0 .68.2 185|156.9] 98.0] 245 | 207.8 | 129.8 | 
1 6105.1 | 03.2 0135.0] 126} 106.9; 66.8 186] 157.7 | 98.6] 246 | 208.6 | 130.4} 
i '7 | 05.9 | 03.7 56.8 | 35.5 | 127 107.7 | 67.3 187] 158.6] 99.1 | 247 | 209.5 | 180.9 | 
i 8 04.2 7136.0] 128 | 108.6 | 67.8] 1881 159.4] 99.6] 248 | 210.8 | 131.4] 
1 9 04.8 5 | 36.6] 129} 109.4 | 68.4] 189 | 160.3 | 100.2] 249] 211.2} 131.9] 
5.3 59.4137.1] 130] 110.2|68.9] 190] 161.1 250 | 212.0; 182.5 | 

05.8 60.2 137.6] 131] 111.1} 69.41 191 | 162.0] 101.2 | 251} 212.9 | 133.0] 

06.4 61.1 | 38.2] 132) 111.9} 69.9] 192 | 162.8 | 101.7 | 252 | 213.7 | 133.5 F 

06.9 61.9 |} 38.7] 133 | 112.8 |'70.5 | 193 | 163.7] 102.8 | 258 | 214.6 | 134.1 FF 

07.4 62.8 | 39.21 134] 113.6] 71.0] 194} 164.5 | 102.8 | 254 | 215.4 | 134.6] 

07.9 3.6| 39.7] 185} 1145 | 71.5] 195 | 165.4 | 108.8 | 255 | 216.3 | 135.1 

08.5 64.5 | 40.3 115.3 | 72.1] 196 | 166.2 | 103.9 | 256 | 217.1 | 185.7 | 

9.0 65.3 | 40.8 116.2 | 72.6] 197 | 167.1 | 104.4 | 257 | 217.9 | 136.2] 

09.5 66.1 | 41.3 117.0 | 73.1] 198} 167.9 | 104.9 | 258 | 218.8 ; 136.7 | 

10.1 67.0 | 41.9 117.9 | 73.71 199 | 168.8 | 105.5 | 259 | 219.6 | 137.2] 

10.6 67.8 | 42.4 118.7 | 74.2] 200 | 169.6 | 106.0 | 260 | 220.5 | 137.8 | 

i 42.9 119.6 | 74.7] 201 | 170.5 | 106.5 | 261 | 221.3 | 188.3] 

Ly 69.5 | 43.5 120.4 | 75.2 | 2021 171.3 | 107.0} 262 | 222.2 | 158.8} 

22 0.4 | 44.0 121.3] 75.8 | 208 | 172.2 | 107.6 | 263 | 223.0 | 189.4} 

ony 1.2 | 44.5 122.1 | 76.3 | 204 | 173.0 | 108.1 | 264 | 223.9 | 139.9 3 

13.2 72.1 | 45.0 123.0 | 76.8 | 205 | 173.8 | 108.6 | 265 | 224.7 | 140.4 | 

3. 72.9 | 45.6 123.8 | 77.4] 206 | 174.7 | 109.2 | 266 | 225.6 | 141.04 

14.3 73.8 | 46.1 124.7 | 77.9 | 207 | 175.5 | 109.7 | 267 | 226.4 | 141.53 

4.§ 74.6 | 46.6 125.5 178.4] 208 | 176.4 | 110.2 | 268 ; 227.3 | 142.0 F 

15.4 15.5 | 47:2 126.4 | 79.0 209 | 177.2] 110.8 | 269 | 228.1 | 142.51 

15.9 16.3 | 47.7 127.2) 79.5] 210] 178.1 270 | 229.0 | 145.1 : 

16.4 T2432 128.1] 80.0] 211] 178.9 Q71 | 229.8 | 143.6 | 

7.0 78.0 | 48.8 12,9 | 80.5 | 212] 179.8 272 230.7 | I44.1f 

17.5 78.9 | 49.3 129.8} 81.1] 213] 180.6 273 | 231.5 | 144.7] 

18.0 79.7 | 49.8 130.6 | 81.6] 214] 181.5 274 | 232.4 | 145.2 

8.5 80.6 | 50.3 131.4) 82.1215 | 182.3 275 | 238.2 | 145.7] 

19.1 81.4 | 50.9] 156 | 132.3 | 82.7] 216 | 183.2 276 | 234.1 | 146.3} 

19:6 82.3 | 51.4 133.11 83.2] 217] 184.0 277 | 234.91 146.85 

20.1 83.1 | 51.9 134.0} 83.7] 218] 184.9 278 | 235.8 | 147.3 | 

20.7 84.0 | 52.5 134.8 | 84.3 | 219 | 185.7 279 | 236.6 | 147.8 | 

D112 84.8 | 53.0 135.7 | 84.8 | 220 | 186.6 | 116.6 | 280 | 237.5 | 148.4 | 

31:7 85.7 | 53.5 136.5 | 85.3 | 221 | 187.4 281 | 238.3] 148.9 

29.8 86.5 | 54.1 137.4 | 85.8 | 222 | 188.3 282 | 239.1] 149.4] 

22.8 87.3 | 54.6 138.2 | 86.4 18)).1 283 | 240.0 | 150.0} 

23.3 88.2155.1 139.1 | 86.9 190.0 284} 240.8 | 150.5] 

23.8 89.0 | 55.6 139.9 | 87.4 190.8 285 |241.7) 151.0] 

24.4 89.9 | 56.2 140.8 | 88.0 191.7 286 | 242.5 1151.6] 

24.9 90:7 | 56.7 141.6 | 88.5 | 227 | 192.5 287 | 248.4] 152.1 f 

25.4 91.6 | 57.2 142.5 | 89.0] 228 | 193.4 288 | 244.21 152.6] 

26.0 12.4 157.8] 169 | 143.3 | 89.6 | 229 | 194.2 289 | 245.11 153.1 f 

26.5 93.3.| 58.31 170 | 144.2 | 90.1 | 230 | 195.1 290 | 245.9 | 153.7] 

27.0 94.1 158.8 145.0} 90.6 195.9 29} | 246.8 | 154.2 | 

27.6 95.0 | 59.4 145.9] 91.1 196.7 292 | 247.6 | 154.7} 

23.1 95.8 | 59.9 146.7 | 91. 197.6 293 | 248.5 | 155.3 | 

23.6 96.7 | 60.4 147.6 | 92. 198.4 294 | 249.3] 155.8 | 

29,1 97.5 | 60.9 148.4 | 92. 199.3 295 | 250.2 | 156.3 | 

29.7 98.4 | 61.5 149.3 | 93.: 200.1 296 | 251.0 | 156.9 } 

30.2 99,2 | 62.0 150.1|938 201.0 297 | 251.9 | 157.4 | 

30.7 | 118 | 100.1 | 62.5 151.0|943 201.8 298 | 252.7 | 157.9 f 

31.3)119| 100.9 | 63.1 151.8/ 94.9 202.7 299 | 258.6 | 158 4} 

50.9 | 31.8 | :20 | 101.8 | 63.6 152.6 | 95.4 203.5 300 |254.4 159.0} 
Dist.) Dep. | Lat. Dist.| Dep. | Lat. | Dist.| Dep ist.| Dep. Dist.| Dep. Lint t 
| _ For 58 Degrees. ; ah 52m, | 


af 
“ 
co 


Sinister cupse teat 


Lat. | Dep. 
00.8 | 00.5 
rs | O11 
02.5 | 01.6 
03.4 | 02.2 
04.2 | 02.7 
05.0103.8 
05.9 | 03.8 
06.7 | 0-44 
07.5 | 04.9 
08.4 | 05.4 
09.2 | 06.0 
10.1 | 06.5 
10.9 | 07.1 
11.7 | 07.6 
12.6 | 08.2 
13.4 | 08.7 
14.3 | 09.3 
15.1 | 09.8 
15.9} 10.8 
16.8 | 10.9 
17.6 | L1.4 
FS. 12.0 
19.3 | 12.5 
FO T 13:1 
21.0] 13.6 
2b.8} 14.2 
22.6) 14.7 
eae Gye 
24.3) 15.8 
25.2 | 16.3 
26.0] 16.9 
26.8 | 17.4 
Pe Oe tame) 
28.5 | 18.5 


35.2 | 22.9 


36.1 
36.9 


37.7 


n4 | 45.5 | 29.4 
5d | 46.1 | 39.0 
156 | 47.0 | 30 5 
57 | 47.8 | 31.0 
58 | 48.6 | 31.6 


>| 25.1 


DIFFERENCE OF LATITUDE AND 


93.4 
24.0 
24.5 


OwOnacn fw — 


4 ora a ee ee) ST) a 


~ 


os) 


11%) 
20 


Dist. 


Kor 57 Degrees. 


TABLE IL. 
DEPARTURE FOR 83 DEGREES. 


[Page 49, 
Qh 19m, 


Sh 48m, 


Lat. Dep. | Dist. Lat, | Dep.| Dist.) Lat. _Dep. | Dist. Lat. | Dep. 

51.2 | 83.2] 121 | 101.5} 65.9] 181] 151.8 | 202.1 | 131.3 
52.0] 33.8 | 122] 102.8 | 66.4] 182 | 152.6 203.01 131.8 | 
52 8 | 34.3} 123 | 103.2 | 67.0] 183 | 153.5 203.8 | 132.3 | 
48.7 | 34.9 | 124 | 104.0 | 67.5 | 184 | 154.3 204.6 | 132.9 | 
54.5 |35.4| 125 | 104.8] 68.1] 185 | 155.2 205.5 | 133.4 | 
55.4 | 35.9| 126 | 105.7 | 68.6 | 186 | 156.0 206.3} 134.0] 
56.2 | 36.5 | 127] 106.5 | 69.2 | 187 | 156.8 207.2 | 134.5 
57.0 | 37.0| 128 | 107.3 | 69.7 | 188 | 157.7 208.0 | 135.1 | 
57.9 | 37.6] 129! 108.2 | 70.3] 189 | 158.5 208.8 | 135.6 | 
58.7 | 38.1] 180] 109.01 70.8 | 190 | 159.3 209.7 | 186.2 | 
59.51 33.7] 181 | 109.9] 71.31191 | 160.2 210.5 | 136.7 | 
60.4 | 39 2] 182] 110.7} 71.9] 192] 161.0 2/211.3) 137.2] 
61.2} 39.8] 183 | 111.5 | 72.4] 198 | 161.9 212.2] 137.8 | 
62.1 | 40.3] 184] 112.4] 73.0] 194| 162.7 213.0] 188.3 | 
62.9] 40.8] 1385 | 113.2] 73.5] 194 | 163.5 213.9 | 188.9 
62.7 | 41.4] 186] 114.1 | 74.1] 196 | 164.4 214.7] 139.4} 
64.6 | 41.9] 187] 114.9 | 74.6] 197 | 165.2 Q57 | 215.5 | 140.0] 
65.4 142.5] 138] 115.7 | 73.2} 198 1166.1 216.4 140.5 | 
66.3 | 43.0] 139] 116.6} 75.7] 199 | 166.9 59 |} 217.2] 141.1} 
67.1 | 43.6 | 140 | 117.4 | 76.2 | 200 | 167.7 218.1 | 141.6] 
67.9} 44.1] 141 | 118.3 76.8 | 201 | 168.6 218.9] 142.2 
68.8 | 44.7] 142] 119.1 | 77.3 | 202 | 169.4 219.7 | 142.7 
69.6 | 45.21 143] 119.9} 77.9 | 208 | 170.3 3} 220.6 | 143.2] 
70.4 | 45.7] 144] 120.8 | 78.4 | 204]171.1 221.41 143.8 | 
71.3} 46.3 | 145 | 121.6 | 79.0] 205 | 171.9 5 | 222.9] 144.3] 
72.1 | 46.8 | 146 | 122.4 | 79.5 | 206 | 172.8 228.1 | 144.9 | 
*3.0| 47.4] 147 | 123.3 | 80.1 | 207 | 173.6 223.9 | 145.4 | 
73.8 | 47.9] [48 | 124.1 | 80.6] 208 | 174.4 224.8 | 146.0] 
74.6 | 48.5 | 149 | 125.0] 81.2] 209 | 175.3 225.6 | 146.5 | 
75.5 149.01 150] 125.8] 81.7] 210] 176.1 0 | 226.41 147.1 
76.31} 49.6] 151 | 126.6 | 82.2] 211 | 177.0 227.3 | 147.6 
7.2| 50.1 | 152} 127.5 | 82.8 | 212 | 177.8 2/228.1 | 148.1 

78.0 | 50.7] 153 | 128.3 | 83.3 | 213 | 178.6 3 | 229.0 | 148.7 
78.8 | 51.2] 154] 120.2 | 83.9] 214 | 179.5 229.8 | 149.2 
79.7 | 51.7] 155 | 130.0 | 84.4 1215 | 180.3 230.6] 149.8 
80.5 | 52.31 156] 130.8 | $5.0 | 216 | 181.2 231.5 | 150.8 | 
81.4 | 52.8] 157] 131.7 | 85.5 | 217] 182.0 232.38 | 150.9 | 
82.2 153.4] 158 132.5 | 86.1 218] 182.8 933.2 | 151.4 
83.0 | 53.9] 159 | 133.3 | 86.6 | 219 | 183.7 234.01 152.0] 
83.9 /}54.5] 160] 134.2} 87.1 | 220 | 184.5 234.8] 1542.5 § 
84.7}55.0] 161 | 135.0} 87.7] 221 | 185.3 235.7 | 153.0 
85.5 155.6] 162] 135.9} 88.2 | 222 | 186.2 236.5 | 153.6 | 
86.4 | 56.11 163 | 136.7 | 88.8 | 223 | 187.0 237.3} 154.1 | 
87.2} 56.6] 164] 137.5 | 89.3 | 224 | 187.9 238.2 | 154.7 | 
88.1 | 57.2] 165 | 138.4 | 89.9 | 225 | 188.7 239.0 | 155.2] 
88.9 157.7 | 166 | 139.2 | 90.4 | 226 | 189.5 239.9 | 155.8 | 
89.7 | 58.3] 167 | 140.1 | 91.0 | 227 | 190.4 240.7 | 156.3 
90.6158.8] 168 | 140.9 | 91.5 | 228| 191.2 241.5] 156.9] 
91.4159.41 169} 141.7 | 92.0 | 229 | 192.1 242.4] 157.4] 
92.3 | 59.9] 170 | 142.6 | 92.6 | 230 | 192.9 243.2 | 157.9] 
93.1} 60.5] 171 | 143.4 | 93.1 | 2314 193.7 244.1 | 158.5] 
93.91 61.0] 172 | 144.3 | 93.7 | 232 | 194.6 244.9 | 159.0 
94.8 | 61.5] 173 | 145.1 | 94.2 | 233 | 195.4 245.7 | 159.6 
95.6 | 62.11174| 145.9 | 94.8] 234 1196.2 246.6 | 160.1 
96.4 | 62.6 | 175 | 146.8 | 95.3 | 235 | 197.1 247.4 | 160.7 
97.3 | 63.2] 176 | 147.6 | 95.9 | 236 | 197.9 248.2 | 161.2 
98.1 | 63.7] 177 | 148.4 | 96.4 | 237 | 198.8 249.1] 161.8 
99.0 | 64.3] 178 | 149.3 | 96.9 | 238 | 199.6 249.9 | 162.3 
99.8 | 64.8]179 | 150.1 | 97.5 | 239 | 200.4 250.8 | 162.8 
100.6 | 65.4] 1S0 | 151.0 | 98.0 | 240 | 201.3 251.6 | 163.4 
Dep. | Lat. | Dist. | Dep. ! Lat. | Dist.| Dep. Dist.| Dep. | Lat. 


erie TABLE I. 

DIFFERENCE OF LATITUDE AND DEPARTURE FOR 34 DEGREES. 2h 16m. | 
Dist.| Lat. Rte ‘Dees 
184.8 | 


Dist.| Lat. | Dep. | Dist! Lat. 


1/| 00.8 50.6 ist 1e04 1101.2 2411 199.8 | 
2101.7 51.4 182] 150.9| 101.8 aloe 135.3} 
3 | 02:5 52.2 183 1151.7 | 102.8 ]248 201.5 | 135.94 
4|03.3 53.1 184] 152.5] 102.9 | 244 | 202.3 | 136.4 | 
5} 04.1 53.9 185 | 153.4 | 103.5 | 245 | 203.1 | 187.0] 
6 | 05.0 54.7 186 | 154.2 | 104.0 | 246 | 203.9 | 187.6 | 
7| 05.8 55.5 187] 155.0 | 104.6 | 247 | 204.8 | 188.1 
1 8| 06.6 56.4 188} 155.9 | 105.1 | 248 | 205.6 | 188.7 | 
1 9107.5 57.2 | 38. 189 | 156.7 105.7 249 | 206.4 | 189.2} 
10| 08.3 58.0| 39.1] 1: 74190 | 157.5, 250 | 207.8 139.8 | 
111 | 09.1 58.9 | 39. 3.8]191 158.3. 106.8 21 208.1 | 110.4 | 
1 12} 09.9 2159.7 | 40.3] 13: 9, 3. .2| 107.4 | 252 | 208.9 | 140.9 | 
113] 10.8 60.5 : 107.9 a 209.71 141.5 | 
114} 11.6 61.3 108.5 | 254] 210.6 | 142.0 | 
15| 12.4 62.2 109.0 | 255 | 211.4 | 142.6 | 
| 16 | 13.3 63. 112. ; 5 | 109.6 | 256 | 212.2 | 143.2 | 
17] 14.1 63.8 | 43. 6 5, 71 163.3 | 110.2] 257 | 213.1| 143 7 | 
118 | 14.9 64.7 | 43.6 $4.11 110.7 | 258 | 213.9 | 144.3 | 
119| 15.8 65.5 | 44. 5.01 111.3 | 259 | 214.7 | 144.8 | 
20} 16.6 66.3 | 44.7 Tie7s3 ts 35.81 111.8| 260 | 215.5 | 145.4 | 
21 | 17.4 67.2 | 45.3] LF 6. 36.6 | 112.4] 261 | 216.4 | 145.9 | 
#22] 18.2 68.0 | 45.9 : a7 51 113.0 | 262 | 217.2 | 146.5 | 
123 | 19.1 3168.8 | 46.4 | 1 f : 3| 113.5 | 263 | 218.0 | 147.1 
24 | 19.9 69.6 | 47.0 | 1 : 9.1 | 114.1 | 264 | 218.9 | 147.6 
| 25 | 20.7 5170.5 | 47.5 | 145 | 120. we ‘0.0 | 114.6 | 265 | 219.7 148.2 
26 | 21.6 i Ue 115.2 | 266 | 220.5 | 148.7 
| 27 | 22.4 TD 115.8 | 267 | 221.4 | 149.3 | 
I 28 | 23.2 73.0 | 49.2] 1 22. .4| 116.3 | 268 | 222.2 | 149.9} 
h 29 | 24.0 73.8 | 49.8 | 14! 5] 83.8 ( -8|116.9 | 269 | 223.0} 150.4 | 
130 | 24.9 14.6 | ; 270 | 223.8 | 151.0] 
131 | 25.7 75.4 84.4]: Q71 | 224.7 1151.5 | 
132 | 26.5 16.3 85.0]: 272 225 5, 152.1 | 
133 | 27.4 shia 126.8] 85.6]; 973 | 226.3 | 152.7 | 
134 | 28.2 1 127.7| 86.1 274 | 227.2 | 153.2] 
135 | 29.0 78.8 23.5| 86.7 275 | 228.0] 153.8 | 


136 | 29.8 79.6 : 29:3) STae 276 | 228.8 
HOT | 30.7 | 20. 97 | 80.4 | 54.2] 157] 130.2] 87.8]: 277 | 229.6 
138 | 31.5| 21.2] 98!81.2|54.8] 158] 131.0; 88.4]: 278 | 2350.5 
139 | 32.3 ; 82.1]: 131.8] 88.9]: 279 | 231.3 
1 40 | 33.2 82.9 | 55.9 32 89.5 | 2% 232.1 


a 


86.2 | 58.2 
87.0 | 58.7 


89.5 | 60.4 
40.4 | 61.0 
91.21 61.5 


92.0 | 62.1 
92.9 | 62.6 


41 | 34.0 
| 42 | 54.8 102 | 84.6 
| 43 35.6 3 | 85.4 
144) 56.5 104 
145 | 37.3 105 

46) 38.1 L106 | 87.9 
WA | 39.0 | 107 | 88.7 
148 | 39.8 | ¢ 108 

49 | 40.6 109 
150} 41.5] 28.0] 110 
P51) 42.3) 28.5] 111 
152 | 43.1 129.11 112 
153143 9 | 29.61 113 | 93.7 
1541 44.8 | 30.2) 114 
AOo 145.61 30.8] 115 

561 46.4131.38) 116 
157 | 47.3131.9] 117 
158 | 48.1] 32.41118 

59 | 48.9 | 33.0] LI9 
1 GO | 49. 9.7 33.6 | 120 


vist! * as sp. | Lat. 


area 


f 


94.5 | 63,7 
5.3 | 64.5 
96.2 | 64.9 
97.0 | 65.4 
97.8 | 66.0 
98.7 | 66.5 
99.5 | 674 
ist.| Dep, | Lat. 


56.5 
57.0 
57.6 


59.3 
59.8 


w 
L 
Ww 
51D WwWW/ We 


He CD CD OS CO CO GO 2 G2 


DOM Wh aDWO}: 


er) 


.O0 


SSHIARAAL WSs 


ro) 
DM 
DM 


Pe 


292 | 242.1 
293 | 242.9 
294 | 243.7 
295 | 244.6 
296 | 245.4 
297 i 1246.2 
298 247.1 
299 | 247.9 


63.2 


148.4 ‘oo 
149.2 | 100.7 


Dep. |. Lat. 


Dist.| Dep. 


291 | 241.2 | 162.7) 


300 248.7 


154.3 | 
154.9 
155.5 
156.0 | 
156.6 | 


161.0 } 
161.6 
162.2] 


163.3 } 
163.8 


i 


For 56 Decrees. ah 44m, 


TABLE IL. 61 

DIFFERENCE OF LATITUDE AND DEPARTURE FOR 385 DEGREES. 2h 02m, 

j Dist. Lat. ‘Dep. | Dist.} Lat. | Dep.[Dist.| Lat. | Dep. [Dist.] Lat. | 
1 | 00.8 | 00.6 

2) 01.6] 01.1 

3 | 02.5 | 01.7 

4103 3| 02.3 

5 | 04.1 | 02.9 


ist.| Lat. | Dep. | Dist.| Lat. | Dep. Lat. | Dep. 
99.1] 69.4] 181] 148.8] 103.8 | 241 | 197.4 | 138.2 J 
99.9} 70.0} 182] 149.1 | 104.4 | 242 | 198.2] 128.8 | 
183 | 149.91 105.0 | 248 | 199.1 | 139.4 | 
184 | 150.7 | 105.5 | 244 | 199.9 | 140.0 | 
185 | 151.5 | 106.1 | 245 | 200.7 | 140.5 | 
A 106.7 | 246 | 201.5] 141.14 


187 2] 107.8 }:247 | 202.3 | 141.7 § 
188 .0| 167.8] 248 | 203.1 | 142.2} 
189 8|108.4/249! 204.01 142.8 | 

6 250 | 204.8 | 148.4 | 


BREWS HS 
Ook Mtr ae ur 


oS 
ns 
oO 
aF -F <F.22 +3 3 +2 


ou oet 


190 


1911156 51251 | 205.6 | 144.0 } 
192 | 157.8 | 110.1 | 2: 
198|158 
194] 158.9} 111.8 
195] 159.7] 111.8 
196 | 160.6 
197 | 161.4 
198 | 162.2 
199 | 163.0 
200 | 163.8 
115.5} 80.9] 201 | 164.6 
116.3} 81,4] 202] 165.5 
117.1] 82.0]2038 | 166.3 
118.0} 82.6] 204] 167.1 
118.8] 83.2] 205 | 167.9 
119.6} 83.7] 206 | 168.7 
120.4] 84.8 ]207] 169.6 
121.2} 84.9]208] 170.4 |} 
122.1] 85.5}209 | 171.2]: 
122.9] 86.0]210} 172.0 


1 12] 09.8 | 06.9 
A138) 10.6 | 07.5 
H14111.5/080 
15| 123] 68.6 
116] 13.1 | 09.2 
117 | 13.9] 09.8 
118|14.7| 10.8 
1191 15.6] 10.9 
120 | 16.4] 11.5 
21 | 17.2] 12.0 
122] 18.0] 12.6 
123 /}18.8] 13.2 
124119.7] 13.8 
125 | 20.5 | 14.8 
26 | 21.8] 14.9 
f 27 | 22.1] 15.5 
128 | 22.9116. 
29 | 23.8 | 16.6 
30 | 24.6 | 17.2 


254 | 208.1 | 145.7 | 
255 | 208.9 | 146.3 | 
209.7 | 146.8 | 


Sela eca seal aid nama y ck ce AS 
WRW AOR D0 I— 


_ 
= 
— 
cey 


131 | 25.41 17.8 74.5 | 52.2 123.7] 86.6]211|172.8 2 

32 | 26.2] 18.4 75,4 | 52.8 124.5} 87.21/212/173.7 72 | 222.8 | 156.0 
133 | 27.0| 18.9 76.2 | 53.3 125.8| 87.8] 213] 174.5 8 | 223.6 | 156.6 
$4 | 27.9| 19.5 77.0 | 53.9 126.1} 88.8]214] 175.3 | 122.7 | 274 | 224.4 | 157.2 
35 | 28.7 | 20.1 977.81 54.5 127.0} 88.9]215| 176.1 75 | 225.3 | 157.7 
36 | 29.5 | 20.6 78.6 | 55.1 127.8] 89.5] 2161] 176.9 276 | 226.1] 158.38 
137 130.3 | 21.2 79.5 | 55.6 128.6] 90.1] 217] 177.8 277 | 226.9 | 158.9 
38 | 31.1] 21.8 $0.3 | 56.2 129.41 90.6]218| 178.6 78 | 227.7] 159.5 
439 131.9 | 22.4 81.1 | 56.8 130.2} 91.2]219| 179.4 9 | 228.51 160.0 
140 | 32.8 | 22.9 1.9 | 57.4 131.1] 91.8] 220] 180.2] 126.2 | 280 | 229.41 160.6 


141 133.6 | 23.5 


[4t I: 230.21161.25 
142 | 34.4 | 24.1 its 231.0| 161.7 
143 | 35.2 | 24.7 1: 231.8 | 162.3 
44 | 36.0 | 25.2 | 232.6 | 162.9 | 
145 | 36.9 | 25.8 1: 233.5 | 163.5 § 
146 137.7 | 26.4 | 234.3 | 164.0 | 
47 | 38.5 | 27.0 1 235.1] 164.6] 
§ 48 | 39.3 | 27.5 ] 235.9 | 165.2 | 
149140.1 | 28.1 ] 236.7 | 165.8 | 
1501 41.0| 28.7 13 237.6 | 166.3 | 


151 | 41.8) 29.3] 9 | 63. 140.1 
452 | 42.6 | 29.8 
53 | 43.4 | 30.4 
1541 44.2131.0 
55 | 45.1 131.5 


238.4 | 1669] 
239.2 | 167.5 | 
240.0] 168.1 | 
240.8 | 168.6 § 
241.6 | 169.2} 


56 | 45.9 | 32 1 144, 242.5] 169.8 | 
57 | 46.7 | 32.7 145.0 243.8 | 170.4 
58 | 47.5 | 33.38 96. : 145.8 244.1] 170.9 


59 | 48.5 | 33. : ; 9! 146.6 
1 60 


244.9} 171.5 
245.7 | 172.1 
ist.1 Dep. | Lat. 
For 55 Degrees. 3h 4om, 


* — 


52 


TABLE II. 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 86 DEGREES, 2h 241. 


Dist. Lat. 


1} 00.8 61 
2/ 01.6 62 
4 3102.4 63 
4105.2 64 
5 | 04.0 Gd 
f 6 | O4.9 66 
L 7105.7 67 
f 8 | 06.5 68 
} 9107.8 69 
A101 08.1 70 
11} 08.9 71 
12 | 09.7 72 
P1A0D 13 
14} 11.3 74 
orl] To 
16} 12.9 76 
171} 13,8 at 
j 18 14.6 78 
n19| 15.4 719 
201 16.2 80 
121 117.0 81 
122-1 17.8 82 
23 118.6 83 
24 | 19.4 84 
29 20.2 85 
y 245 21.0 86 
H27 | 21.8 87 
1281 22.7 88 
29 | 23.5 89 
130 | 24.3 90 
Bol} Qorl 91 
32 125.9 92 
133 | 26.7 93 
134 | 27.5 94 
83D | 238.3 95 
p26 | 29.1 5 
| 37 29.9] 3 97 
fen 30.7 98 
P89 | 31.6]: 99 
140 | 32.4 |: 100 
141 133.2 101 
} 42 | 84.0 | 24.7] 102 
#435 134.8 103 
144 | 35.6 i O4 
145 | 36.4 105 
A461 37.2 L106 
1 47 | 38.0 107 
1 48 | 38.8 108 
1491 39.6 109 
p50 4().5 110 
[151141.3/ 30.01 111 
92} 42.1 | 30.6) 112 
£53142 9)31.2)1138 
4./5438.7/ 5.75114 
55 144-5} B23 11S 
#5 145.31 3291116 
57 146.1 | 33.5 1117 
58 146.9134.11118 
59 | 47.7 | 834.71 119 
60 | 48.5 | 35.3 | 120 
ist.) Dep. | Lat. | Dist 


.| Dist.| Lat. | Dep. Dep. 
49.4 106.4 
30.2 107.0 
51.0 107.6 
31.8 108.2 
52.6 108.7 
53.4 109.8 
54.2 109.9 
ba.0 110.5 
55.8 biG) 
56.6 Dias 7, 
D7.4 112.3 
58.2 112.9 
59.1 115.4 
59:9 114.0 
60.7 114.6 
61.5 115.2 
62.5 115.8 
63.1 116.4 
63.9 117.0 
64.7 117.6 
65.5 118.1 
66.3 118.7 
67.1 119.3 
68.0 119-9 
68.8 120.5 
69.6 I2h.1 
70.4 | ol. 121.7 
TH 2 Ope 208 | 168.3 | 122.3 
72.0 | 52.8 209 | 169.1 | 122.8 
72.8 | 52.9 210 | 169.9 | 123.4 
73.6 | 93.5 Q11 | 170.7 | 124.0 
74.4 | 54.1 171.5 | 124.6 
75.2 | 54.7 172.31 125:2 
76.0 | 59.5 173.1 | 125.8 
76.9 | 55.8 173.9 | 126.4 
77.7 | 96.4 127.0 
78.5 | 57.0 127.5 
79.3 | 07.6 128.1 
80.1 | 58.2 123.7 
80.9 | 58.8 129.3 
81.7} 4 129.9 
82.5 180.5 
83.¢ 131.1 
84.1 QV LST 
84.9 2.0} 1382.8 
85.8 182.8 | 182.8 
86.6 183.6 | 133.4 
87.4 184.5 | 154.0 
88.2 185.3 | 134.6 
89.0 186.1 | 135.2 
89.8 138.3 | 100.5 | 231 | 186.9 | 135.8 
0.6 2| 139.2] 101.1 | 232 | 187.7; 136.4 
91.4 140.0 | 101.7 | 233 | 188.5 | 137.0 
92.2! 140.8) 102.3} 189.3 | 137.5 
13.0 141.6 | 102.9 | 235 | 190.1 | 138.1 
93.8 142.4 | 108. 190.9 | 138.7 
94.7 143.2 | 104.0 | ¢ 191.7 |.1389.3 
95.5 144.0 | 104.6 192.5 | 139.9 
96.3 144.8} 105.2 193.4 | 140.5 
97.1 145.6 | 105.8 |: 194.2 | 141.1 
Dep. Dep. | Lat. Dep. | Lat. 


For 54 Devrees., 


e ¥ 


Dist.| Lat. | Dep. 
241) 195.0 | 141.7§ 
242 | 195.8 | 142.2] 
243 | 196.6 | 142.8] 
244 197.4 | 143.4 
245 198.2 | 144.0 
246 | 199.0 144.64 
247 | 199.8 | 145.2 | 
248 | 200.6 | 145.8] 
249 | 201.4 | 146.4 f 
250 | 202.3 | 146.9 | 
951 | 203.1 | 117.5 | 
252 | 208.9 | 148.1 | 
253 | 204.7 | 148.7 | 
254 | 205.5 | 149.5 | 
255 | 206.3 | 149.9 § 
256 | 207.1 | 150.5 & 
257 | 207.9 | 151.14, 
258 | 208.7 | 151.6 | 
259 | 209.5 | 152.2} 
260 | 210.3 | 152.8 § 


261 | 211.2} 153.4] 
262 | 212.0 | 154.0] 
263 | 212.8 | 154.6 | 
264 | 213.6 | 155.29 
265 1214.4 | 155.8] 
266 1215.2 | 156.4] 
267 | 216.0 | 156.9} 
268 | 216.8 | 157.5} 
269 '217.6/ 158.14 
270 , 218.4 | 158.7 | 
271 | 219.2 | 159.3 § 
272 | 220.1 | 159.9 | 
273 | 220.9 | 160.5 § 
2741921 74 160 
275 | 222.5 | 161.6] 
276 | 223.3 | 162.2] 
277 | 224.1 | 162.8] 
278 224.9 | 163.4 | 
279 | 225.7 | 164.08 
280 | 226.5 | 164.65 


281 | 227.3 | 165.2 | 
282 ! 228.1 | 165.8} 
283 229.0 | 166.3 | 
284 | 229.8 | 166.9 

285 | 230.6 | 167.5 | 
286 1251.4 
287 ; 232.2 
288 233.0 
289 | 233.8 


290 | 234.6, 
291 | 235.4 


292 : 236.2 
293 | 237.0 
294 | 237.9 
295 , 238.7 
296 | 239.5 
297 | 240.8 
298 | 241.1 
299 | 241.9 
300 | 242.7 
Dist.! Dep. at. 
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Lat. 
144.6 


182 | 145.4 
183 | 146.2 
184 | 146.9 


147.7 
148.5 
149.3 
150.1 
150.9 
151.7 


152.5 
155, 

154.1 
154.9 
153.7 
156.5 
157.5 
158.1 
158.9 
159.7 
160.5 
161.8 
162.1 
162.9 
163. 

164.5 
165.5 
166.1 
166.9 
167.7 


168.5 
169.5 
170.1 
170.9 
PETS 
|hgesa # 
173.3 
174.1 
174.9 
175.7 


176.5 


PA OF i 


178.1 
178.9 
179.7 
180.5 
181.5 
182.1 
182.9 
183.7 
184.5 
185.5 
186.1 
186.9 
187.7 
188.5 
189.5 
190.1 
190.9 
191.7 


Dep. 


For 538 Deovrees. 


Lat. 
192.5 
193.3 
194.1 
194.9 
195.7 
196.5 
197.3 
18.1 
198.9 
199.7 


200.5 
201.3 
202.1 
202.9 


2 | 208.7 


204.5 
205.2 
206.0 
206.8 


207.6 | 156. 
208.4 
2} 209.2 
31210.01 1: 
210.8 | 1: 
5 1211.6 


242.4 
pia 
214.0 
214.8 
Z21o.G 
216.4 


elie 


3 | 218.0 


218.8 


2 1219.6 
)| 220.4 | 166. 


9912 
222.0 
2928 
223.6 


224.4 


225.2 


wow te 


> | 226.0 


226.8 
227.6 
228.4 
229.29 
230.0 
230.8 
231.6 
232.4 
233.2 
234.0 
234.8 
235.6 
236.4 
297.2 


SE ETT 


y * 
er We 


Dt to a oN OS | | 


~t +2 +2 -2 -2 ~h ~2 ~2 


Peers, Oe tet ee Se 


Sp ee Sa a =) 


SODDRAAAN 


ee 
Ti Mew wow a 


om) 


Tag TABLE IL 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 88 DEGREES. 2h 32m, 


115.0 
115.8} 90.5]: 
116.6} 91.1 
117.4} 91.7 
118.2} 92.3]: 


162.3 | 126.8 | 266 
163.1 | 127.4] 267 
163.9 | 128.1] 268 
164.7] 128.7] 269 
165.5 | 129.3 | 270 


209.6 | 165.8 
210.4 | 164.4 
911.2] 165.0] 
212.0 | 165.6 | 
212.8 | 166.2 | 


a Dist! Lat. Lat. | Dep. Dist.| Lat. | Dep. | Dist.) Lat. | Dep. 
1 | 00.8 | 00.6 95.3| 74.5118) | 142.6] 111.4] 241 | 159.9 | 148.4 
1 2101.6] 01.2 96.1} T5.1] 1%21143.4] 112.1 | 242 | 190.7 | 149.0 
3|02.4| 01.8 96.9] 75.7] 183] 144.2] 112.7] 243 | 191.5 | 149.6 
i 4] 03.2] 02.5 97.7} 76.3] 184] 145.0] 113.8 | 244 | 192.3 | 150.2 
1 5103.9] 03.1 98.5] 77.0] 1851 145.8 | 113.9] 245 | 198.1 | 150.8 | 
i 6 | 04.7 | 03.7 99.3) 77.6) 185 | 146.6 | 114.5] 246 | 193.9) 151.5 § 
1 71] 05.5] 04.3 106.1 | 78.2] 187] 147.4] 115.1] 247] 194.6) 152.14 
1 9106.31 04.9 100.9} 78.8] 188 | 148.1] 115.7] 248 | 195.41 152.7 
i 9] 07.1} 05.5 101.7] 79.4] 189 | 148.9] 116.4] 249 | 196.2 | 153.5 | 
07.9 | 06.2 102.4 80.0 | 190 | 149.7 | 117.0 | 250 | 197.0 153.9 | 
08.7| 06.8] 71 311 103.2 .7]191 1150.5 | 117.6] 251 | 197.8 | 154.5 | 
09.5} 07.4] '72 321 104.0] 81.8] 192] 151.3] 118.2] 252] 198.6] 155.15 
10.2103.0] 73 33) 104.8] 81.9] 193] 152.1 | 118.8 | 253 | 199.4 | 155.8 f 
11.0] 08.6] 74 105.6 | 82.5] 194] 152.9 | 119.4 | 254 | 200.2 | 156.4 § 
11.8] 09.2] 75 1064; 83.1]195 | 153.7 | 120.1 | 255 | 200.9 | 157.0 § 
12.6/099]| 76 107.2| 83.7] 196 | 154.5 | 120.7 | 256 | 201.7 | 157.6 | 
13.40 705 1077 108.0] 84.3] 197 | 155.2 | 121.8 | 257 | 202.5 | 158.2] 
14.21/11.1] 78 108.7] 85.0] 198] 156.0 | 121.9] 258 | 203.3 | 158.8 § 
15.0] 11.7] 79 109.5] 85.6] 199 | 156.8 | 122.5 | 259 } 204.1 | 159.5 | 
15.8 | 12.3 110.3} 86.2] 200 | 157.6 | 128.1 | 260 | 204.9 | 160.1 § 
16.5 | 12.9 111.1] 86.8]201 | 158.4] 128.7] 261 | 205.7 | 160.7 | 
17.3] 13.5 111.9] 87.4] 202] 159.2 | 124.4 | 262 | 206.5 | 161.3 § 
18.1 | 14.2 112.7} 88.0] 203 | 160.0 | 125.0 | 268 | 207.2 | 161.9 
18.9} 14.8 113.5] 88.7] 5 160.8 | 125.6 | 264 | 208.0 | 162.5 
19.7 | 15.4 114.3 |. 89.3 161.5 | 126.2 | 265 | 208.8 | 163.2 
20.5 | 16.0 


ee ee ae neem (eee eeeans 


24.4119.] 119.0! 93.012111166.3| 129.9] 271 | 213.6/ 166.8} 
25.2] 19.7 119.8] 93.6 


120.6} 94.2 
121.4] 94.8 
122.1] 95.4]: 
122.9 96,0 
123.7| 96.7]: 
124.5] 97.5 
125.3| 97.9 
126.1] 98.5 | 2¢ 


126.9} 99.1 


167.8 | 181.1 | 273 | 215.1 | 168.1 
168.6 | 181.8 | 274 | 215.9 | 168.7 
169.4 | 182.4 | 275 | 216.7 | 169.8 
170.2 | 1838.0 | 276 | 
1171.0} 1383.6] 2 
171.8 | 134.212 
172.6 | 184.8] 279 | 2 
173.4 | 135.4 | 280 | 2: 


32.3 | 25.2 174.2 | 136.1 1281 | 221.4 | 173.0 
| 42. | 38.1 | 25.9 127.7| 99.7 174.9 | 136.7 | 282 | 222.2 | 173.6 | 
43 | 33.9 | 26.5 123.4] 100.4 175.7 | 187.3 | 288 | 2238.0 | 174.2 
44 | 34.7 | 27.1 129.2 | 101.0 176.5 | 187.9 | 284 | 223.81 17 
5 | 35.5 | 27. 130.0 | 101.6 177.3 | 138.5 | 285 | 224.6 | 175.5 
130.8 | 102.2 178.1 | 189.1 | 286 | 225.4 1176.1 


131.6] 102.8 |< 
132.4 | 103.4 
133.2 | 104.0 
134.0 | 104.7 


134.7 | 105,38] 2 
135.5 | 105.9 
136.3 | 106.5 
137.1} 107.1 
137.9 | 107.7 
138.7 | 108.4 
139.5 | 109.0 
140.3 | 109.6 
141.1] 110.2 
141.8/110.8]: 


Dep. | Lat. 
For 52 Degrees. 


178.9 | 189.8 | 287 | 22 
179.7 | 140.4'| ass |< 
180.5 | 141.0] 289 | 227.7 
181.2| 141.6] 290 | 228.5 


182.0 | 142.2] 291 | 229.3 
182.8 | 142.8 | 292 | 280.1 | 179.8 § 
183.6 | 143.4 | 293 | 250.9 

184.4 | 144.1 | 294 | 231.7, 181.0 
185.2 | 144.7 | 295 | 232.5 | 181.6 
18,0 | 145.5 : 
186.8 | 145.9 
187.5 | 146.5] + 
188.3 | 147.1 
189.1 | 147.8 


Dist.! Dep. | Lat. 


167.1} 130.5 | 272 | 214.3 | 167.5} 


51 | 40.2/31.4] 
52 | 41.0| 32.0 
53 | 41.8 | 32.6 
54 | 42.6 | 33.2 
55 43.3 | 33. 
56 | 44.1 | 34.5 
5T | 44.9 | 35:1 
58 | 45.7 | 35.7 
59 | 46.5 | 36.3 


3h vgm, 


1100.8 
01.6 


03.1 
03.9 
04.7 


29.5 
30.5 


are? 


31.9 
32.6 
33.4 
34.2 
35.0 
Ore 
36.5 


02.3 | | 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 39 DEGREES. 


TABLE IL 


Dist.! Lat. 


Dist.} Lat. | Dep.} Dist. Lat. | Dep. 

00.6] GL | 47.4 | 58.4 94.0] 76.1} 181 
01.3} 62] 48.2 139.0 94.8| 76.8] 182 
O1.9] 63 )49 0) 39.6 95.6) 77.4] 183 
02.5] 64] 49.7 | 40.3 96.4| 738.0] 184 
03. 65 | 50.5 | 40.9 97.1] 78.7] 185 
03.8] 66)51.3] 41.5 97.9] 79.3] 186 
04.4] 67 | 52.1 | 42.2 93.7| 79.9] 187 
05.0] 68] 52.8 | 42.8 99.5] 80.6] 188 
05.7] 69 | 53.6 | 43.4 100.3} 81.2] 189 
3; 06.58] 70) 54.4) 44.1 101.0} 81.8]190 
06.9] 71155.2| 44.7 101.8] 82.4] 191 
07.6] 72) 56.0 | 45.8 102.6 | 83.1] 192 
O3.2] 73 | 56.7 | 45.9 103.4) 83.7]193 
08.8] 74] 57.5 | 46.6 104.1) 84.3]194 
01.4] 75|58.3 | 47.2 104.9] 85.0] 195 
10.1} 76 159.1 | 47.8 105.7 | 85.6] 196 
10.7] 77} 59.8 | 48.5 106.5| 86.2] 197 
11.35] 781 60.6] 49.1 107.2] 86.8; 198 
12.0) 79161.4| 49.7 108.0} 87.5] 199 
12.6} 80} 62.2 ]50.3 108.8} 88.1 | 200 
13.2] 81 | 62.9} 51.0 109.6] 88.7] 201 
13.8] 82|63.7] 51.6 110.4} 89.4] 202 
14.5 3 | 64.5 | 52.2 111.1] 90.0]208 
ld.1] 84] 65.8 | 52.9 111.9} 90.6] 204 
15.7] 85] 66.1 153.5 112.7} 91.3] 205 
16.4] 86] 66.8 | 54.1 911138.5]) 91.9] 206 
17.0] 87] 67.6 | 54.8 114.2} 92.5] 207 
17.6] 88 | 68.4 | 55.4 115.0} 93.1] 208 
18.38] 89 | 69.2 | 56.0 115.8] 93.8 | 209 
18.91 90} 69.9 | 56.6 116.6} 94.4]210 
9.51091 19091 37.3 117.3] .95.0} 211 
20.192) 75.51 57.9 LI8.1 |) 95.7 1212 
20.8] 93 | 72.3 | 58.5 118.9} 96.3]2138 
21.4] 94] 73.1 | 59.2 119.7 | 96.9 | 214 
22.0] 95|73.8] 59.8 120.5] 97.5] 215 
22.71 96) 74.6 | 60.4 12.2). 98.2 1216 
23.3) 97) 75.4} 61.0 122.0] 98.8) 217 
23.9} 981 76.2 | 61.7 122.8] 99.4]218 
24.5] 99) 76.9 | 62.8 125.6] 100.1] 219 
29.2 | 100 | 77.7 |.62.9 124.3 | 100.7 | 220 
25.8] LOL | 78.5 | 63.6 125.1} 101.3 | 221 
26.4] 102 |'79.3 | G4.2 125.9 | 101.9 | 222 
27.1 | 103 | 80.0 | 64.8 126.7 | 102.6 | 228 
27.7 | 104 | 80.8 | 65.4 127.5 | 103.2 | 224 
28.51105] 81.6 | 66.1 128.2 | 103.8 | 225 
28.9] 106 | 82.4 | 66.7 129.0 | 104.5 | 226 
29.411] LOZ | 83.2 | 67.38 129.8 | 105.1 | 227 
30,2] 108 | 83.9 | 68.0 150.6 | 105.7 | 228 
30.8 | LOY | 84.7 | 68.6 151.5 | 106.4 | 229 
31.5] 110] 85.5 | 69.2] 170 | 132.1 | 107.0 | 230 
32.1] L111) 86.3 | 69.9] 171 | 132.9 | 107.6 | 231 
32.7 | 112187.0 | 70.51 172 | 133.7 | 108.2 | 232 
33.4} 115]87.8] 71.1 1173] 134.4} 108.9 | 233 
34.0) 1141838.6] 71.7] 174 | 135.2 | 109.5 | 234 
34.6] 115] 89.4} 72.4]175 | 186.0} 110.1} 255 
35.2] 116}90.1 | 73.0 1176 | 136.8 | 110.8 | 236 
35.9] 117) 90.9 | 73.61 177 | 137.6 | 111.4] 237 
36.5] 1181 91.7 | 74.3 1178 | 138.3 | 112.0] 238 
37.1] 1191 92.5 | 74.9] 179 | 139.1 | 112.6 | 239 
37.8 | 120] 93.3 | 75.5] 180 | 139.9 | 113.3 | 240 
Dist.| Dep.! Lat. | Dist.! Dep. | Lat. 1 Dist. 
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185.7 
186.5 


Dep. 


For 51 Degrees. % 


5d 

2h 36m, 

Dep. | Dist.) Lat. Dep. 
241 | 187.3 | 151.7 
242 1188.1] 152.3 | 
243 | 188.8 | 152.9 | 
244 1189.6 | 153.6 | 
245 | 190.4} 154.2 
246 | 191.2] 154.8 | 
247 | 192.0} 155.4 | 
248 | 192.7 | 156.1 | 
249 | 193.5] 156.7 | 
250 | 194.3] 157.3 | 
251} 195.1] 158.0 | 
252 |195.8] 158.6} 
253 | 196.6] 159.2 | 
254 | 197.4] 159.8 } 
255 | 198.2] 160.5 § 
256 | 198.9 | 161.1 | 
257 | 199.7 | 161.7 f 
258 | 200.5 | 162.4 | 
259 | 201.3 | 163.0] 
260 | 202.1 | 163.6} 
261 | 202.8 | 164.3 | 
262 | 2038.6 | 164.9 | 
263 | 204.4 | 165.5 | 
264 | 205.2 | 166.1 | 
265 | 205.9 | 166.8 | 
266 | 206.7 | 167.4 
267 | 207.5 | 168.0 
268 | 208.3, 168.7 
269 | 209.1 | 169.3 
270 | 209.8 | 169.9 
271 | 210.6 | 170.5 
272) 211.4] 171.2 
273 | 212.2] 171.8 
274 | 212.91 172.4 
275 | 213.7 (173.1 
276 | 214.5 | 173. 
277 | 215.8] 174.3 
278 | 216.0} 175.0 
279 | 216.8 | 175.6 
280 | 217.6] 176.2 
281 | 218.4] 176.8 
282 | 219.2] 177.5 
283 | 219.9} 178.1 
284 | 220.7 | 178.7 
285 | 221.5} 179.4 
286 | 222.3 | 180.0 
287 | 223.0 180.6 
288 |} 223.8 181.2 
289 | 224.6] 181.9 
290 | 225.4] 182.5 
291 | 226.1] 183.1} 
292 | 226.9 | 183.8 
293 | 227.7 | 184.4} 
294 | 228.5 | 185.0} 
295 | 229.31 185.6 | 
296 | 230.0] 186.3 
297 | 230.8 | 186.9 
298 | 231.6 | 187.5 
299 | 232.4] 188.2 
300 | 233.1 | 188.8 
Dist.| Dep. | Lat. 


3h 94m, : 


~ PABLE IL 


Dist. | Lat. | Dep. Vis 


G1 {46.7} = 
62 | 47.5 
63 | 48.5 
64 | 49.0 
65 149.8 
66 | 50.6 


1 | 00.8 
2/01.5 
» 02.8 
244 | 186.9 
PAIS te. 
31246) 188.4 
247 | 189.2 
2481 190.0 
249 | 190.7 
250+ 191.5 


Conc 
D~ 
or sn O1 Or 
wes 
Cr SO mt OF 


199.9 
200.7 
1201.5 


he 544 9 81251 |1923 

7255.2 252 | 193.0 

3155.9 253 | 193.8 
14| 56.7 254 | 194.6 
T5 | 57.5 255 | 195.3 
E 76 | 58.2 | - 256 | 196.1 
; ‘77 159.0 257 | 196.9 
78 |59.8 |: 25S 6 
79 | 60.5 |} . 
; 80 | 61.3]; 2 2 


131 | 23.7 91} 69.7] 58.5 271! 207.6 
1232 1294.5 9F\ 70.5 | 59.1 272 | 208.4 
#33 | 25.3 93 |71.2| 59.8 273 1209.1 
34 | 26.0 94 172.04 60.4 9 | 137.6 | 27 
L835 | 26.8 95 172.8] 61.1 164.7 | 188.2 | 275 | 210.7 
136 | 27.6 G1 Toit Ol 165.5 | 188.8 | 27 
137 | 23.3 97 |'74.3 | 62.4 166.2 | 139.5 | 277 | 212.2 
£38 | 29.1 98 |'75.1 | 63.0 167.0 | 140.1 | 278 | 213.0 
#39 | 29.9 99 |'75.8 | 63.6 167.8 | 140.8] 2 
HO} 3 100 | 76.6 64.3 122.6 168.5 | 141.4] 2 


| 169.3 | 142.1 
170.1 | 142.7 |§ 
170.8 143.3 2 »*)> 


125.3 
124.1 
124.9 


| 125.6 171.6} 144.0]§ 
fas |: 126.4 172.4| 144.6] 285 
iG | 35, 127.2 178.1 | 145.8]2 

| 47 | 36.¢ 127.9 173.9 | 145.9 
ENE 128.7 | 174.7 | 146.6]: 
191 37.5 129.5 175.4 | 147.2] 2 
5) | 38.3 130.2 | 109.3 | 2301 176.2| 147.8] 25 


131.0] 109.9 | 2: 
131.81 110.6 
132.5 }111.2 
133.3] 111.8 


177.0! 148.5 
2) 177.7} 149.1 
178.5 |.149.8 
179.3 | 150.4 


292 223.7 
115 | 86.6 
114 87.3 


909 Wwe ‘ 


KH OIDwoarc 


175 | 134.1 ' 112.5 180.0] 151.1 295 | 
180.8 | 151.7 | 296 


176 | 184.8) 113.1 


3.7 | 36.6 
D8 | 44.4 | 37.3 
159 | 45,2 | 37.9 
60 146.0 | 38.6 ]) 
List, Dep. | Lat. 


| 181.6] 152.38 
182.3 , 153.0 
183.1 | 153.6 
183.9 | 154.3 | 300 


—————— | — $f —————_—___—__f 


Dep. | Lat. | Dist. Dep. | Lat. | Dist. 
For 50 Degrees. . 


2907 


298 


228. ¢ 


178 | 156.4] 114.4 
179 | 187.1} 115.1 


m2 2-2 ~2 ~2 2 9 2-2 Y 


RD TE 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 40 DEGREES. 2h 40m, 


Dep. | Dist.|_Lat._ 

87241] 14.61 154.94 
242] 185.4 | 155.6 
243 | 186.1] 156.2 


| Dep. j 


4 209.9 | 176.1 
) 


6 | 211.4 | 177.4 


| CS 


291 1222.9! 187.1] 


293 :224.5, 188.3] 
294 | 225.2 | 189.0 

226.0 | 189.6 
226.7 | 190.3 
227.5 | 190.9 
191.6 
299 229.0 | 192.2 
229.8 | 192.8 


: Dep. Lat. 


3h Yor, ‘ 


156.8 


163.3 | 
163.9} 
164.6] 
165.2 | 


176.8 


178.14) 
178.7 | 


TABLE I. 57 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR £1 DEGREES. 2h 44, 


. | Dep, | Dist.) Lat. | Dep.} Dist.| Lat. | Dep. | Dist.| Lat. | Dep. | Dist.) Lat | Dep. 


f 61/1 00.8 | 00. 46.0 | 40.0] 121) 91.3) 79.4] 181] 186.6) 118.7} 241 | 181.9} 158.1 § 
1 2101.5] 01.3] 62]46.8 | 40.7] 122} 92.1] 80.0] 182] 137.4] 119.4 | 242 | 182.6] 158.8 | 
1 3102.3] 02.0] 63] 47.5 | 41.3) 123] 92.8] 80.7] 183] 188.1] 120.1 ] 243 | 183.4 | 159.4 | 
| 4103.0] 02.6] 64] 48.3 | 42.0] 124! 93.6] 81.4] 184] 138.9 | 120.7] 244 | 184.1] 160.1 | 
b D1 03.8 | 03. 5| 49.1) 42.6] 125] 94.3] $2.0] 185] 139.6 | 121.4] 245 | 184.9} 160.7 | 
} 6) 04.5] 08. 66 | 49.8} 45.3] 126] 95.1] 82.7] 186] 140.4] 122.0] 246 | 185.7] 161.4 § 
1 7105.3 | 04.6 50.6 | 44.0) 127] 95.8] 83.3] 187] 141.1} 122.7 | 247 | 186.4] 162.09 
1 8] 06.0 | 05.2 51.8 | 44.06] 128] 96.6] 84.0] 188] 141.9] 123.3 | 248 | 187.2} 162.7 | 
f 9] 06.8 | 05.9 52.1) 45.4] 129] 97.4] 84.6] 189] 142.6] 124.0] 249 | 187.9 | 163.4] 
j 10 | 07.5 | 06.6 52.8 | 45.9] 180} 98.1] 85.3] 190) 143.4 | 124.7] 2501 188.7] 164.0] 
11 | 08.3 | 07.2 53.6|46.6'181) 98.9] 85.9] 191 | 144.1] 125.81251] 189.4 | 164.7 | 
12 | 09.1 | 07.9 54.8 | 47.2] 1382] 99.6] 86.6]192| 144.9] 126.0 [252] 110.2] 165.3 | 
13 | 09.8 | 03.5 55.1 | 47.9} 1581100.4] 87.3] 193 | 145.7 | 126.6 | 253 | 190.9 | 166.0 | 
14} 10.6 | 09. 59.8 | 48.5] 134] 101. 87.9 | 194 | 146.4 | 127.5 | 254 | 191.7] 166.6 | 
15] 11.3} 09.8 56.6 | 40.2] 185/101.9} 88.6] 195 | 147.2] 127.9 | 255 | 192.5 | 167.3 | 
16) 12.1] 10.5 57.4 | 49.9] 1386} 102.6} 89.2) 196 | 147.9 | 128.6 | 256 | 193.2 | 168.0 f 
(7) 12.8) 11. 58.1 | 50.5 | 1387 | 103. 89.9] 197 | 148.7 | 129.2 | 257 | 194.0] 168.6 | 
18 | 15.6) 11.8 08.9 | 51.2] 1388 | 104.1) 90.5] 198} 149.4} 129.9 | 258 | 191.7] 169.3 § 
19 | 14.8) 12.5 59.6 | 51.8] 139/ 104.9} 91.2]199 | 150.2 | 1380.6 | 259 | 195.5 | 169.98 
#20) 15.1 | 13.1 60.4 | 52.5 105.7} 91.8] 200 | 150.9 | 121.2 | 260 | 196.2 | 170.6 } 
21} 15.8} 13.8 61.1 | 53.1 106.4] 92.5 | 201 | 151.7) 131.9] 261 | 197.0} 171.2 
22) 16.6] 11.4 61.9 | 53.8 107.2) 93.2 | 202 | 152.5 | 182.5 | 262) 197.7 | 171.9] 
23 | 17.4} 15.1 62.6 | 54.5 31107.9) 93.8 ] 203 | 153.2 | 183.2 | 263 | 198.5 | 172.5 
24} 18.1) 15. 63.4 | 95.1 108.7 | 94.5 [204 | 154.0 | 133.8 | 264 | 199.2 | 173.2 
20 /18.9| 16.4 64.2 | 55.8 109.4} 95.1 | 205 | 154.7 | 134.5 | 265 | 200.0} 173.9 
126 | 19.6) 17.1 64.9 | 56.4 51 110.2] 95.8] 206 | 155.5 | 135.1 | 266 | 200.8 | 174.5 
27 | 20.4] 17.7 65.7 | 57.1 110.9} 96.4} 207 | 156.2 | 135.8 | 267 | 201.5 | 175.2 
28 | 21.1} 18.4 66.4 | 57.7 111.7] 97.1] 208 | 157.0 | 186.5 | 268 | 202.3 | 175.8 
#29 | 21.9 | 19.0 67.2 | 08.4 112.5] 97.8]209 | 157.7 | 1387.1 | 269 | 203.0 | 176.5 
30 | 22.6 | 19.7 67.9 | 59.0 113.2} 98.4} 210] 158.5 | 137.8 | 270 | 203.8 | 177.1 
31 | 23.4 | 20.8 68.7 | 59.7 114.0} 99.1] 211 | 159.2] 138 204.5 | / 
32 | 24.2 | 21.0 69.4 | 60.4 114.7| 99.7]212] 160.0 2| 205.3 


115.5 | 100.4 | 213] 160.8 
4} 116.21101.0)214, 161.5 


3 | 206.0 
206.8 


INORRE ROH EDR UwW' 


| 
1 
| 
35 | 26.4 | 23 71.7 | 62.8 117.0 | 101.7 | 215 | 162.3 5 1207.5} 18 
36 | 27.2 | 28. 72.5.| 63. 117.7 | 102.3 | 216 | 163.0 208.3}18 
37 | 27.9 | 24.3 738.2 | 63.6 118.5 | 103.0] 217 | 163.8 209.1} 18 
38 | 28.7 | 24.9 74.0 | 64.3 119.2] 103.7] 218] 164.5 209.8] 18 
39 | 29.4 | 25.6 74.7 | 64.9 120.0 | 104.3] 219 | 165.3 210.6 | 183.0! 
j 40 | 80.2 | 26.2] 100 | 75.5 | 65.6 120.8 | 105.0 | 220 | 166.0 211.5.| 183.7 | 
1 41 | 30.9 | 26.9 76.2 | 66.3 121.5] 105.6 | 221 1166.8 212.1] 184.4 
| 42 | 31.7 | 27.6 77.0 | 66.9 122.3 | 106.3 | 222 | 167.5 212.8| 185.0} 
| 43 | 32.5 | 28.2 77.7 | 67.6 123.0] 106.9 | 223 | 168.3 213.6] 185.7 | 
44 | 33.2 | 28. 78.5 | 68.2 123.8 | 107.6 | 224] 169.1 214.3] 186.3 | 
14.5 | 34.0 | 29.8 79.2 | 68.9 124.5 | 108.2] 225 | 169.8 215.1] 187.0} 
146 | 34.7 | 30.2 80.0 | 69.5 125.3 | 108.9 | 226 | 170.6 215.8 | 187.6 | 
947 | 35.5|3 80.8 | 70.2 126.0 | 109.6 | 227 | 171.3 1216.6] 188.3 | 
36.2 


A 
~ 


126.8 | 110.2 | 228 | 172.1 217.4) 188.9} 


49 | 37.0 82.3 | ‘71.5 127.5 | 110.9 | 229 | 172:8 218.1 | 189.6 | 
50 | 37.7 83.0 | 72.2 128.3 | 111.5 | 230 | 173.6 218.9 | 190.3 | 
51 138.5 ]5 83.8 | 72.8 129.1 } 112.2] 231 | 174.3 | 15 219.6 | 190.9 
52 | 39.2 | 34. 84.5 | 73.5 129.8 | 112.8 | 232 | 175.1 220.4 | 191.64 
153 | 40.0 | 34. 85.3 | 74.1 130.6 | 113.5 | 238 | 175.8 221.1] 192.2] 
g4 | 40.8 | 86.0 | 74.8 131.5 | 114.2 | 254 | 176.6 221.9} 192.9 | 
5d 141.513 86.8 | 75.4 132.1 | 114.8 | 255 | 177.4 222.6 | 193.5 | 
6 | 42.3 | 36.7 87.5 | 76.1 132.8 | 115.5 | 236 | 178.1 223.4 | 194.2 
T {45.015 88.3 | 76.8 133.6 | 116.1 | 237 | 178.9 224.1] 194.8 
8 | 43.8 | 33.1 89.1 | 77.4 154.3 | 116.8 | 238 | 179.6 224.9 | 195.5 
59 | 44.5 | 38.7 89.8 | 78.1 135.1 | 117.4] 239 | 180.4 225.71 196.2 
60 | 45.5 | 39.4 90.6 | 78.7 135.8 | 118.1 | 240 | 181.1 226.4 | 196.8 
D*st.| Dep.| Lat. | Dist.| Dep.| Lat. Dep. | Lat. | Dist.| Dep. .{ Dep. _|-Lat. 


For 49 Degrees. 3h lem 


58 


Dist} Lut. 


1 | 00.7 
2101.5 
3102.2 
4} 03.0 
5103.7 
61 04.5 
tae 
8 | 05.9 
9 |} 06.7 


11 | 08.2 
A 12) 08.9 
113 | 09.7 
p14) 10.4 
15] U1.1 
164119 
017) 12.6 
118} 13 
HO) 14.1 
20} 14.9 


24/17.8 
25 118.6 
261)19.38 


44 | 32.7 
45 | 33.4 


Dist.) Dep. 


Dep. | Dist. | Lat. 
3 | 40.8 


PDwnanuL ts w—|o 


~~ 


oor gre grgorer or: 
r a" 


DD GH 2 So Sr 


iad a a et ad a 
SIQow~ord: 


=) 


| 


DD 


2S tae OB EA Bleep 
WOWUDOWUDH IC 


Dey 


41.5 
42,9 


42.8 


67.6 
68.3 
68.9 
69.6 
70.5 
70.9 
71.6 
12.3 
72.9 
73. 

74.5 
74.9 
75.6 
76.5 
77.0 
717.6 
78.3 


7179.0 


79.6 
80.8 


Dist. | Lal. Dep. 


an fe 
ww ww 
,e 

ww iw 


Aw *< 
ww 


I 
L 
I 
I 


66.9 


TABLE IL. 


89.9 
90.7 
91.4 
ye. 
eet 


109.1 | 22 
121.9 | 109.7 | 292 
122.6} 110.4 
123.4.) LIT.1 12: 
124.1; 11L.715 
124.8 | 112.4 
125.6} 1138.1 
126.3] 113 87° 
127.1) 114.4.)23 
127.8 | 115.1 
128.6 | 115.8 
129.3 | 116.4 
150.1 | 117.1 
130.8 | 117.8 
131.5) 118.4 ]¢ 

32.3 | 119.1 

133.0} 119.8 
133.8 | 120.4}: 
Dep. Lat. 

For 48 Degrees. 


156.8 


| 


WI ww wl wnwnnwnwnwwn 


Ce ee 
5 
ww 


33.8 


134.5, 
Topsete 
135.8: 


136.5 
137.2 
137.8 
138.5 


139.2] 2 
139.8 | 


140.5 


203 


21 254 | 188.8 
259 | 189.5 
206 | 190.2 
ahi AAG 
258 | 191.7 
299 |'192.5 
260 | 198.2 


270 | 200.6 
141.2]: 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 42 DEGREES. 2h48m, § 
Dist : _iat. Dep. ! 


179.1 | 161.8 
179.8] 161.9 § 
150.6 | 162.6 F 
181.3, 163.3 | 
182.1 | 163.9] 
182.8! 164.6 | 
183.6 | 165.3 | 
184.3 | 165.9 | 
185.0} 166.6 | 
185.8 | 167.3 | 


170.6 
171.8 f 
172.0 
172.6 
173.3 
174.0 
194.7 | 175.3] 
195.4] 176.0 
196.2 | 176.7 
196.9 | 177.3} 
197.7 | 178.0 
198.4 4178.7 
199.2 1179.3 


199.9 


157.5 | 141.9 | 272 | 202.1 | 182.0 
158.3 | 142.5 | 273 | 202.9 | 182.7 
159.0 | 148.2 | 274 | 208.6 | 183.3 
159.8 | 143.9] 275 | 204.4 | 184.0 
160.5 | 144.5 1276 | 205.1. 184.7 
1161.3 | 145.2] 2771205.9 ) 185.3] 
162.0 | 145.9 | 278 | 206.6 | 186.0 
162.7 | 146.5 | 279 | 207.3 | 186.7 f 
163.5 | 147.2] 280 | 208.1 | 187.4 9 
164.2| 147.9 |281 | 208.81 188.0} 
165.0 | 148.5 | 282 | 209.6 | 188.7] 
165.7 | 149.2 | 283 | 210.8 | 189.4 | 
166.5 | 149.9] 284} 211.1} 190.08 . 
167.2 | 150.6 | 285 | 211.8 | 190.7 | 
168.0 | 151.2] 286 | 212.5 | 191.4] 
168.7 | 151.9 | 287 | 218.3 | 192.0 
169.4 | 152.6 | 288 | 214.0, 192.7 ff 
170.2 | 153.21289 |} 214.8] 193.49 
179.9 | 158.9 | 290 | 215.5 | 194.0] 
171.7 | 154.6] 291 | 216.8 | 194.7 & 
172.4 | 155.2 | 292 | 217.0 | 195.4 
173.2 | 155.9 | 293 | 217-7 | 196.1 
173.9 | 156.6 | 294 | 218.5 | 196.7 | 
174.6 | 157.2 | 295 | 219.2 | 197.4 | 
175.4 | 157.9 | 296 | 220.0 | 198.1 9 
176.1 | 158.6 | 297 | 220.7 | 198.7 | 
176.9 | 159.3 | 298 | 221.5 | 199.4 | 
177.6 | 159.9 | 299 | 222.2 | 200.1} 
178.4 | 160.6 | 800 : 222.9 | 200.7 | 
Dep. | Lat. | Dist.| Dep. , Lat 


3h vin 


“TABLE 


59 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 43 DEGREES, 2h 52m, 
Dist} Lat. | Dep. | Dist.) Lat. | Dep.] Dist.| Lat. | Dep. | Dist.| Lat. _| Dist.| Lat. | Dep. 
1} 00.7 |.00.7] 61|44.6} 41.6] 121} 88.5] 82.5] 181] 1382.4 2411176.3 | 164.4 | 
| 2/01.5/01.4] 62] 45.3 | 42.3] 122]. 89.2} $3.2} 182] 133.1 242 | 177.0) 165.0 
3 | 02.2 | 02.0] 631 46.1 | 43.0] 123} 90.0] 83.9] 183 | 133.8 OAS ALTE CIGD. T 
| 4|02.9| 02.7] 64146.8 | 48.6] 124] 99.7] 84.6] 184] 184.6 244 | 178.5 | 166.4 | 
1 5103.7/03.4| 65 | 47.5 | 44.3] 125] 91.4] 85.21185] 135.3 245 | 179.2 | 167.1) 
| 6104.4|04.1] 66/ 48.3} 45.0] 126) 92.2] 85.9] 186] 135.0 2416 | 179.9 | 167.8 | 
7105.1104.8] 67 | 49.0 | 45.7] 127) 92.9! 86.61 187] 186.8 | | 247 | 180.6 | 168.5 | 
8105.91 05.5] 681! 49.7| 46.41 128] 93.6] 87.38]188] 187.5 248 | 181.4] 169.1 | 
9| 06.6| 06.1] 69 150.5} 47.1] 129] 94.3} 88.0] 189] 138.2 249 | 182.1] 169.8 § 
F101 07.3| 06.8] 70/|51.2) 47.7] 130] 95.1) 88.7]190| 139.0 250 | 182.8 | 170.5 § 
f11/08.0107.5| 71/51.9|48.4] 1381] 95.8] 89.3]191 1 189.7 251) 183.6 | 171.25 
112/08.8| 08.2] 72|52.7/ 49.1] 1382] 96.5] 90.0] 192 | 140.4 | 159.9 | 252 | 184.3 | 171.95 
13 | 09.5| 08.9] 73)53.4| 49.8] 183] 97.3] 90.7] 193] 141.2 | 131.6 ] 253 | 185.0] 172.5 § 
114] 10.2) 09.5] 74]54.1}50.5] 184} 98.0] 91.4]194] 141.9 | 132.8 | 254 | 185.81 173.28 
£15/11.0/10.2] 75)54.9151.1] 185] 98.7] 92.1 1195 | 142.6] 133.0] 255 | 186.5 | 173.9 | 
116] 11.7}10.9] 76} 55.6 ]51.8] 186] 99.5] 92.8] 196 | 143.3 | 183.7 | 256 | 187.2 | 174.6 | 
117112.4/11.6] 77156.8 |52.5| 187] 100.2} 93.4]197] 144.1 | 184.4] 257 | 188.0] 175.3 § 
118 | 18.2] 12.3] 78 |57.0| 53.2] 188] 100.9] 94.1] 198] 144.8 | 135.0 | 258 | 188.7 | 176.0 | 
119}13.9]13.0] 79|57.8153.9| 1391 101.7] 94.8]199 | 145.5 | 185.7 | 259] 189.4 | 176.6 | 
20 | 14.6} 13.6] 80] 58.5 | 54.6 140 | 102.4 95.5 | 200 | 146.3 | 126.4 | 260 | 190.2 | 177.3 | 
$21115.4/14.3] 81/59 2] 53.2] 141 1103.1] 96.2] 201 | 147.0 261 | 190.9 | 178.0 
92116.1! 15.0] 82] 60.0 |.55.9] 142| 103.9] 96.8 | 202 | 147.7 262 | 191.6} 178.7 
93116.8| 15.7] 83160.7| 56.6] 143 | 104.6] 97.5]203] 148.5 263 | 192.31 179.4 | 
§24117.6/16.4] 84161.4] 57.3] 144] 105.3] 98,2 ]204] 149.2 “64 | 193.1] 180.0 § 
25118.31)17.0] 85162.2158.01 145|106.0] 98.9]205 1149.9 265 | 193.8 | 180.7 | 
96119.01 17.7] 86] 62.9 | 58.7] 1461 106.8} 99.6 | 206 | 150.7 266) 194.5] 181.4] 
127 119.71 18.41 87163.6159.3 | 147 | 107.5 | 100.3 | 207 | 151.4 267 1195.31 182.1% 
98 | 20.5119.1] 88 | 64.4] 60.0] 148 | 108.2 | 100.9 | 208 | 152.1 268 | 146.0] 182.8 
129 | 21.2}19.8] 89] 65.11 60.71 149 | 109.0] 101.6 | 209 | 152.9 269 | 196.7! 183.5 | 
30 | 21.9 | 20.5] 901 65.8 | 61.4] 150 | 109.7 | 102.3 | 210 | 153.6 .2|270 | 197.5] 184.19 
131 | 22.7/21.1] 91] 66.6 | 62.1] 151 | 110.4] 103.0] 211 | 154.3 | 143.9 ] 271 | 198.2 184.8} 
32 123.4] 21.8] 92] 67.3 | 62.7] 152] 111.2] 103.7 | 212 | 155.0 | 144.6 | 272 | 198.9 | 185.5 § 
33 | 24.1 | 22.5] 93 | 68.0] 63.4] 153 | 111.9 | 104.3 | 213 | 155.8 | 145.3 | 273 | 199.7 | 186.2 § 
34 24.9|23.2] 94] 68.7 | 64.1] 154 | 112.6] 105.0] 214 | 156.5 | 145.9 | 274 | 200.4] 186.9 § 
35 25.6 | 23.9] 95 | 69.5 | 64.8] 155 | 113.4] 105.7 | 215 | 157.2 | 146.6 | 275 | 201.1 | 187.5 § 
36 26.3 | 24.6] 96] 70.2 | 65.5] 156] 114.1] 106.4] 216 | 158.0 | 147.3 | 276 | 201.9 | 188.2 § 
37 27.1} 25.2) 97} 70.9 | 66.2] 157 | 114.8 | 107.1 | 217 | 158.7 | 148.0 | 277 | 202.6 | 188.9 § 
88 27.8/25.9] 98]| 71.7] 66.8] 158] 115.6} 107.8] 218 | 159.4] 148.7 | 278 | 203.3 189.6} 
39 | 28.5 | 26.6] 99 | 72.4 | 67.5] 159 | 116.3 | 108.4] 219 | 160.2 | 149.4 | 279 | 204.0] 190.34 | 
40 | 29.3 | 27.3 | 100 | 73.1 | 68.2] 160 | 117.0 | 109.1 | 220 | 160.9 | 150.0 | 280 | 204.8] 191.0 § 
41 | 80.0] 28.0] 101 |} 73.9 | 68.9] 161 | 117.7 | 109.8 | 221 | 161.6 281 | 205.5] 191.6 | 
42 | 30.7 | 28.6] 102 | 74.6 | 69.6 | 162 | 118.5 | 110.5 | 222 | 162.4 282 | 206.2} 192.3 | 
43 | 31.4 | 29.3] 103 | 75.3 | 70.2] 163 | 119.2 | 111.2 | 223 | 163. 2833 | 207.0 | 193.0 
44 | 32.2 | 30.0] 104 | 76.1 | 70.9] 164] 119.9 | 111.8 | 224 | 163.8 984 | 207.7 | 193.7 
45 | 32.9130.7] 1051 76.8 | 71.6] 165 | 120.7 | 112.5 | 225 | 164.6 285 | 208.4 | 194.4 
146 | 33.6 | 31.4] 106 | 77.5 | 72.3] 166 | 121.4 | 113.2 | 226 | 165.3 986 | 209.2 | 195.1 
47 | 34.4 | 32.1] 107 | 78.3 | 73.0] 167 | 122.1 | 113.9 | 227 | 166.0 987 | 209.9 | 195.7 
48 | 35.1 | 32.7] 108 | 79.0 | 73.7 1 168 | 122 9| 114.6 | 228 | 166.7 288 | 210.6] 196.4 5 
49 | 35.8 | 33.4] 109 | 79.7 | 74.3] 169 | 123.6 | 115.3 | 2291 167.5 289 | 211.4] 197.14 
50 136.6 | 34.1] 110180.4 | 75.0] 170 | 124.38 | 115.9 | 230 | 168.2 290 | 212.1 | 197.8 | 
51 | 37.3 |}34.8] 111) 81.2) 75.7] 171 | 125.1 | 116.6 | 231 | 168.9 291 | 212.8] 198 5 | 
52138.0 | 35.5] 112181.9| 76.4] 172] 125.8 | 117.3 | 232 | 169.7 292 1213.6] 199.14 
53 | 38.8 | 36.1] 113 | 82.6 | 77.1] 173) 126.5 | 118.0 | 233 | 170.4 293 | 214.3] 199.8 4 
54.139.5/36.8| 114] 83.4] 77.7] 174 | 127.3 | 118.7] 234/171.1 29-4 | 215.0 | 200.5 § 
55 | 40.2 | 37.5] 115 | 84.1 | 78.4] 175 | 128.0 | 119.3 | 235 | 171.9 295 | 215.7 | 201.2} 
156 | 41.0 | 38.2] 116 | 84.8 | 79.1} 176 | 128.7 | 120.0 | 236 | 172.6 296 | 216.5 | 201.9 | 
57 | 41.7 | 38.9] 117] 85.6 | 79.8 | 177 | 129.4 | 120.7 | 237 | 173. 297 | 217.2 | 202.6 | 
58 | 42.4139.6] 118} 86.3 | 80.5} 178 | 1380.2 | 121.4} 238 | 174.1 298 | 217.9 | 203.2 f 
591 43.1 | 40.2| 119] 87.0 | 81.2] 179 | 130.9 | 122.1] 239] 174.8 299 | 218.7 | 203.9 | 
60 | 43.9 | 40.9 | 120] 87.8 | 81.8] 180 | 131.6 | 122.8 | 240 | 175.5 300 | 219.4 | 204.6 | 
{Dist Dep | Lat. | Dist.; Dep.} Lat. | Dist.1 Dep. | Lat. [Dist.| Dep Dist.| Dep. | Lat. _ 
For 47 Degrees. Zh gin, 
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198 | 142.4 
199] 143.1 
| 200 | 143.9 
101.4| 97.9]201| 144.6 
102.1} 98.6} 202] 145.3 


~ 
od 


—_) 


SEAS SAE BP TEN SEE REY ETA ETL ETN OA Sr Pt SRR ey, 
wars SO GE AS 3 Aelia > 
« . ° : e Py . ‘ ‘ ° 


COD NASSAU ROSS 
29 29 | OVD a Bm Ot VI 

Or 

ae 

ww 


103.6 | 100.0 
1104.3 | 100.7 
td 101.4 
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206 | 148.2 | 145.1 
102.1 
102.8 
107.2 | 103.5 
107.9 | 104.2] 210} 151.1 | 145.9 
108.6 | LO4.9 |]: 
109.3 | 105.6 
110.1 | 106.8 
110.8 | 107.0 
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111.5 | 107.7 154.7 
; 112.2] 108.4 155.4 


112.9} 109.1 156.1 


170.5 | 68.1 113.7| 109.8 156.8 
71.2| 68.8 114.4| 110.5 157.5 
71.91 69.5 nish aye 158.3 


115.8j 111.8 


221 


me +2] * 
= 
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120.1 | 116.0 


~~ 
~ 
~} 
* 
ww 


227 | 163.3 


wre 


2 
2 
t 


72. 

‘f3: , 116.5 | 112.5 | 222 

74.1 | 71.5 117.8 | 118.2 | 223) 160.4 

74.38 | 72.2 1138.0 | 115.9 | 224] 161.1 

1a.) Te 118.7 | 114.6 | 225 | 161.9 

76.3 | 73.6 119.4 | 115.5 | 226 | 162.6 

rare. : 

77.7 | 75 0 120.8 | 116.7 | 228 ! 164.0 
dD. 121.6 | 117.4 | 229 | 164.7 
4.41170) 122.3 | 118.1 1230) 165.4 | 


118.8] 231] 166.2] 160.5 
119.5 | 232 | 166.9] 161.2 
120.2 1] 233 | 167.6] 161.9 
120.9 | 234 | 168.3 | 162.6 
121.6 | 235 | 169.0 | 163.2 
122.3 | 236 | 169.8 | 168.9 
123.0 | 237 | 170.5 | 164.6 
123.6 | 238 | 171.21 165.3 
124.3 | 239] 171.9] 166.0 
125.0 | 240 | 172.6 |-166.7 


1711 123.01 
172 | 123.7 
124.4 
125.2 
125.9 
126.6 
127.38 
128.0 
128.8 
129.5 
Dep. | Lat. | Dist.} Dep. | Lat. 
For 46 Degrees. 


86.3 | 85.4 
Dist. Dep. | Lat. 


Dist.| Lat. | Dep. | Dist.) Lat. 
61 143.9] 42.4] 121] 87.0 
a 62 | 44.6 | 45.1 87.8 
3); 63}45 3 | 43.8 88.5 
ty 64/4601 44.5 9.2 
: oll 65 | 46.8 | 45.2 89.9 133.1) 128.5]: 
4, FI 66 | 47.5 | 45.8 90.6 186 | 133.8 | 129.2]: 
®)) 67 | 48.2 | 46.5 91.4 187] 134.5 | 120.9 
68 | 48.9 | 47.2 oe. 1835 | 135.2 | 130.6 | 2 


137.5 | § 
138.2 
138.0 
139.6 
140.3 
102.9| 99.31203 | 146.0} 141.0 
204 | 146.7| 141.7 
205 | 147.5 | 142.4 


207 | 148.9 | 145.8 
208 | 149.6 | 144.5 
209 | 150.3 | 145.2 


151.8 | 146.6 


209 


on G69 | 40.6 | 47.9 189 | 136.0] 131.3] 249 
Ir} ( 70 | 50.1 | 48.6 93.5 190 | 136.7 | 132.0 | 250 
Akh RE . 94,2 191 | 137.4 | 182.7 | 251 
2}51.8}50.0 95.0 192] 138.1] 133.4 | 252 
5 50.7 95.7 193 | 1388.8] 134.1] 253 
5 51.4 96.4 194 | 139.6] 184.8 | 254 
5 52.1 97.1 195 | 140.3 | 135.5 | 255 
5 52.8 97.8 196} 141.0] 136.2 | 256 
5 53.5 98.5 197 | 141.7] 136.8 | 257 

») 
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DIFFERENCE OF LATITUDE AND DEPARTURE FOR 44 DEGREES. 2h 58m, 


180.6 | 174.4] 
181.3} 175.1] 
182.0 | 175.7} 
182.7 | 176.45 
183.4] 177.1] 
184.2 | 177.8] 
184.9 | 178.5 j 
185.6 | 179.2 | 
186.3 | 179.9] 


260. 187.0 | 180.6 § 


261 


202 


263 
264 
265 
266 
267 
268 
269 


187.7 | 181.3 | 
i88.5 | 182.0} 
189.2 | 182.7} 
189.9 | 183.43 
190.6 | 184.1 
191.3 | 184.8 | 
192.1} 185.5 ¢ 
192.8 | 186.2 
198.5 | 186.9 | 


270,| 194.2 | 187.6] 


Wt W WWW WwW 


279 


281 
282 
283 


28-4 


285 
286 
287 
288 
289 
290 


194.9 | 188.3 § 
195.7 | 188.9 § 
196.4 | 189.6 } 
197.1] 190.3 | 
197.8 | 191.04 
198.5 | 191.7 | 
199.3] 192.4 
200.0 | 193.1} 
200.71 193.8 | 


81280 | 201.4 | 194.5] 


202.1 | 195.2} 
202.9 | 195.9 
203.6 | 196.6 | 
204.3 | 197.3 4 
205.0 | 198.0 § 
205.71198.7 4 
206.5 | 199.4 | 
207.2 | 200.1 
207.9 | 200.8 
203.6 | 201.5 | 


29] 
292 
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294 
205 
296 
297 
298 
299 
300 


ee -——————— | —_——_—_—_—_—_ ] —__—_ 
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Dist. 


209.5 | 202.1 
210.0 | 202.8 
210.8 | 203.5 § 
211.5 | 204.2 
212.2 | 204.9 | 
212.9 | 205.6 
213.6 | 206.3 | 
214.4 | 207.0 | 
215.1 | 207.7 | 
2 208.4 
Dep. | Lat. 
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§ 1|00.7| 00.7 
f 2/01.4] 01.4 
# 3/02.1| 02.1 
| 4] 02'8| 02.8 
1 5103.5] 03.5 
6 | 04.2] 04.2 

| 7| 04.9 | 04.9 
1 8| 05.7 | 05.7 
1 9| 06.4) 06.4 
110 | 07.11 07.: 
11 | 07.8| 07.8 

| 12 | 08.5 | 08.5 
113} 09.2 | 09.2 
114} 09.9} 09.9 
15} 10.6 | 10.6 

116] 11.3} 11.3 
117 | 12.0} 12.0 
118 | 12.7112.7 
13.4] 13. 
20) 14.1) 14.1 
21|14.8]14.8 
221 15.6] 15.6 
231 16.3| 16.3 
1241 17.0] 17.0 
25 | 17.7] 17.7 
126/18.4/ 18.4 
eri 9.1 | 19.1 
128} 19.8] 19.8 
#29 | 20.5 | 20.5 
21.2) 21.2 

131 | 21.9) 21.9 
132 | 22.6 | 22.6 
1 33 | 23.3 | 23.3 
1 34 | 24.0 | 24.0 
135 | 24.7 | 24.7 
136 | 25.5 | 25.5 
137 | 26.2 | 26.2 
138 | 26.9 | 26.9 
139 | 27.6 | 27.6 
1 40 | 28.3] 28.3 
141 |29.0| 29.0 
H 42 | 29.7 | 29.7 
1 43.| 30.4 | 30.4 
944 /31.1)/31.1 
145 |31.8/31.8 
1 AG | 32.5 | 32.5 
147 | 33.2| 33.2 
| 48 | 33.9 | 33.9 
149 | 34.6 | 34.6 
50|35.4| 35.4 


Dist} Lat. Dep, | Dist. 


42.4 


11s 
119 
120 


43.1] 43.1 85.6| 385.6] 181 | 128.0] 128.0 | 241 | 170.4] 170.4 
43.8 | 43. 86.3| 86.3} 182} 128.7] 1258.7] 242) 171.15 171.1] 
44.5 | 44.5 87.0} 87.0] 183 | 129.4 | 129.4 | 243 | 171.8] 171.8 | 
45.3 | 45.3 7.7| 87.7] 184] 180.1 | 130.1 | 244 | 172.5 | 172.5 
46.0 | 46.0 $8.4| 88.4] 185 | 130.8 | 130.8 | 245 | 173.2 | 173.2 
46.7 | 46.7 89.1] 89.1] 186 | 131.5] 131.5 | 246 | 173.9 | 173.9 
47.4| 47.4 89.8} 89.8} 187 | 132.2] 132.2 | 247 | 174.7 | 174.7 | 
48.1] 48.1 90.5] 90.5] 188 | 132.9 | 132.9 | 248 | 175.4] 175.4 | 
48.8 | 48.8 91.2) 91.2] 189 | 133.6 | 183.6 | 249 | 176.1] 176.19 
49.5 | 44.5 91.9] 91.9] 190) 134.4] 134.4] 250 | 176.8] 176.84 
50.2 | 50.2 92.6| 92.61191 | 135.1 | 135.1 | 251 | 177.5) 177.54 
50.9 | 50.9 93.3] 93.31 192 | 135.8 | 185.8 | 252 | 178.2] 178.24 
51.6 | 51.6 94.0} 94.0]193 | 136.5) 135.5 1253 1178.9] 178.94 
525 [Oke 94.8| 94.8] 194] 137.2 | 187.2] 254 | 179.6] 179.6} 
53.0 | 53.0 95.5| 95.51195 | 137.9 | 187.9 | 255 | 180.3 | 180.35 
53.7 | 53.7 96.2| 96.2] 196 | 138.6] 188.6] 256] 181.0] 181.0 
54.4 | 54.4 96.9| 96.9] 197 | 139.3 | 139.3 | 257] 181.7] 181.74 
Bo. poor 97.6| 97.6]198 | 140.0] 140.0 | 258 | 182.4 | 182.4} 
55.9 | 55.9 98.3} 98.3]199 | 140.7} 140.7 | 259} 183.1] (83.1 
56.6 | 56.6 99.0} 99.0] 200 | 141.4 | 141.4 | 260} 183.8] 183.8 
57.3 | 57.3 99.7| 99.7] 201 | 142.1 | 142.1 | 261 | 184.6] 184.6] 
58.0 | 58.0 100.4 | 100.4 | 202 | 142.8 | 142.8 | 262 | 185.3 | 185.3 | 
58.7 | 58.7 101.1 | 101.1 | 203 | 143.4 | 143.5 | 263 | 186.0} 186.0] 
59.4 | 59.4 101.8} 101.8 | 204 | 144.2 | 144.2 | 264 | 186.7 | 186.7 
60.1 | 60.1 102.5 | 102.5 | 205 | 145.0 | 145.0] 265 | 187.4] 187.4 
60.8 | 60.8 5| 103.2 | 103.2 | 206 | 145.7 | 145.7] 266 | 188.1 | 188.1 
61.5 | 61.5 103.9 | 103.9 | 207 | 146.4 | 146.4 | 267 | 188.8 | 188.8 
62.2 | 62.2 104.7 | 104.7 | 208 | 147.1 | 147.1 ] 268 | 189.5 | 189.5 
62.9 | 62.9 105.4 | 105.4 | 209 | 147.8 | 147.8 | 269 | 190.2} 190.2 | 
63.6 | 63. 106.1 | 106.1 | 210 | 148.5 | 148.5 | 270 | 190.9 | 190.9 | 
64.3 | 64.3 106.8 | 106.8 | 211 | 149.2 271 191.6 | 191.6) 
65.1 | 65.1 107.5 | 107.5 | 212 | 149.9 272 | 192.31 192.3 | 
65.8 | 65.8 108.2 | 108.2 | 213 | 150.6 273 | 193.0] 193.0 | 
66.5 | 66.5 108.9 | 108.9 | 214} 151.8 274 | 193.7 | 193.7 
67.2 | 67.2 109.6 | 109.6 | 215 | 152.0 275 | 194.5 | 194.5 
67.9 | 67.9 110.3 | 110.3 | 216} 152.7 276 | 195.2 | 195.2 
68.6 | 68.6 111.0} 111.0] 217] 153.4 277 | 195.9} 195.9 
69.3 | 69.3 TAI) TET 21S 5a 278 | 196.6 | 196.6 | 
70.0 | 70.0 112.4} 112.4] 219} 154.9 279 | 197.3] 197.3 | 
70.7 | 70.7 113.1} 113.1 | 220 | 155.6 280] 198.0 | 198.0 
71.4|}71.4 113.8 | 113.8 | 221 | 156.3 2811 198.7 | 198.7 | 
ee thd eck 114.6 | 114.6 | 222 | 157.0 282 | 199.4] 199.4 | 
72.8 |'72.8 115.3} 115.3 | 223 | 157.7 283 | 200.1 | 200.1 
Tab | 13D 116.0} 116.0 | 224] 158.4 284 | 200.8 | 200.8 
14.2 | 74.2 116.7 | 116.7 | 225 | 159.1 285 | 201.5] 201.5 | 
75.0 | 75.0 117.4 | 117.4 | 226 | 159.8 286 | 202.2 | 202.2] 
75.7| 15.7 118.1 | 118.1 | 227 | 160.5 287 | 202.1 | 202.9 | 
76.4 | 76.4 118.8 | 118.8 | 228 | 161.2 288 | 203.6 | 203.6 | 
Tiavial 119.5 | 119.5 | 229] 161.9 289 | 204.4 | 204.4 | 
17.8 | 77.8 120.2 | 120.2 | 230 | 162.6 290 | 205.1 | 205.1 | 
78.5 | 78.5 120.9 | 120.9 | 231 | 163.3 291 | 205.8] 205 8 | 
79.2 |79.2 121.6 | 121.6 | 232 | 164.0 292 | 206.5 | 206.5 
79.9 | 79.9 122.3 | 122.3 | 233 | 164.8 293 | 207.2 | 207.2 | 
80.6 | 80.6 123.0 | 123.0 | 234] 165.5 294 | 207.9 | 207.9 f 
§1.3 | 81.3 123.7 | 123.7] 235 | 166.2 295 | 208.6 | 208.6 
82.0 | 82.0 124.5 | 124.5 | 236 | 166.9 |; 296 | 209.3 | 209.3 
82.7 | 82.7 125.2 | 125.2 | 237 | 167.6 297 | 210.0 | 210.0 
83.4 | 83.4 125.9 | 125.9 | 238 | 168.3 298 | 210.7 | 210.7 
84.1,| 84.1 126.6 | 126.6 | 239 | 169.0 299 | 211.4] 211.4 
84.9 | 84.9 127.3 | 127.3 [240 | 169.7 300 | 219.1} 212.1 
Dep. | Lat. UDist.| Dep. Dist. ep. Lat. 


Lat. | Dist.| Dep. | Lat. 


TABLE Il. : 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 45 DEGREES. 


Lat. | Dep. | Dist. 


For 45 Degrees. 


Lat. | Dep. | Dist.) Lat. | Dep. 


Dist. Lat. Dep. 
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‘TABLE. IL 


MERIDIONAL PARTS. 


M, J 0°] 1° | 2 | 8° | 4° [5° | 6° | 79 | 89 | 99 | Lu 119] 129] 13° | M. 
0 0 | 60; 120] 180 | 240| 300 | 361 | 421 | 482 | 542 | 603 | 664] 725 
1 1] 61]121|181 301 | 362 | 422 | 483 1548 | 604 | 665 | 726 
2 2} 62] 122/182 302 | 363 | 423 | 484 | 544 | 605 | 666 | 727 
3 31 63|123]183 303 | 364 | 424 | 485 | 545 | 606 | 667 | 728 
4 4| 64/124] 184 304 | 365 | 425 | 486 | 546 | 607 | 668 | 729 
5 | 5 | 65|125)18 305 | 366 | 426 | 487 | 547 | 608 | 669 | 730 
6 6 | 66'126] 186 306 | 367 | 427/488 | 548 | 609 | 670] 731 

ee 71 67|127| 187 307 | 368 | 428 | 489 1549 | 610 | 671 | 732 
8 8 | 68/128] 188 : 5501611 | 672 | 734 
9 9 | 69] 1291189 309 |370 551 | 612 | 673 | 735 

10 | 10 | 70] 130] 190 310|371 | 431 5d2 | 613 | 674 | 756 

11 | 11] 71/131) 191 311|372 | 482 553.|614| 675 73 

12 112] 72) 1382) 192 312/378 | 483 | 494|554 | 615 | 676] 73 

13 | 18 | 73/188/193 3131874 | 434 555 | 616 | 677 | 739 

14 | 14] 74/134] 194 3141375 | 435 | 496 | 556 | 617 | 678 | 740 

15 115 | 75|185|195 76 1557 | 61816791741 

16 | 16 | 76] 136] 196 5 558 | 619 | 680| 742 

VY. HAZ TTAN BT A197 559 | 620 | 681 | 748 

ig | 18! 78/138,198 318 | 879 | 489 | 500 | 580 | 621 | 682] 744 

19. | 19 | '7%9!139]199 319| 380! 440 | 501 1561 | 622 | 683 | 745 

30 120 | 801 140 | 200 | 2601 320/381 | 441 | 502 | 562 | G2 | 6 

91 | 21 | 81) 141 | 201 | 2611321 | 382 | 442 | 503 | 564 | 624 | 685 | 747 

22 | 22 | 82] 142) 202 322 | 383 | 443 565 | 625 | 687 | 748 
g 193 | 93] 143/203 | 2631323 | 8841444 | 505 | 568 | 626 

24 | 24 | 841144] 204) 264] 324 | 385 | 445 | 506 | 567 | 627 

95. | 25 | 85 | 145 | 205 | 265 | 325 | 386 | 446 | 507 | 568 | 628 

26 | 26 | 86] 146 | 206 326 | 387 | 447 | 5081569 | 629 

27 | 27 | 87| 147/207 327 | 388 | 448 | 509] 570 | 631 

28 | 28 | 88] 148] 208] 268] 328 | 389 | 449) 510] 571 | 632 

299 | 29 | 89/149, 209 330] 390 | 450 | 5111572 | 638 

30 | 30 | 90/150/210/2 391 | 451 |512]573 | 634 

31 131 | 91/151/211! 392 | 452 574 | 635 

32 | 82 | 92/152] 2121 393 | 453 575 | 636 

33 133 | 93] 153/213]; 394 | 454 576 | 68 

34 1341] 94/154] 214 395 | 455 577 | 688 

35. | 85 | 95] 155 | 215 | 275] 336 | 396 | 456 578 | 639 |“ 

2 36 | 96] 156] 216]: 397 | 457 | 518] 579 | 640 

37, 37.) OTHIST) 217) * 398 | 458 580 | 641 

3 88 | 981158/218| < 399 581 | 642 

39 | 39 | 99/159} 21915 400 | 460 582 | 643 

40 | 40 | 100] 160 | 220 401 | 461 | 522 ]583 | 644 

1 841 | 41 | 101/161] 221 402 | 462 | 523] 584 | 645 

42 | 42 | 102/162) 222 403 | 468 585 | 646 

43 -| 43 | 1081 168 | 223}: 404 | 464 586 | 647. 

44 | 44 | 104| 164 | 224 5 | 405 | 465 | 526 | 587 | 648 

| 45 | 45 | 105| 165 | 225]: 5/406 | 466 | 527 | 588 | 649 

46 | 46 | 106] 166 | 226]: 407 | 467 589 | 650 

47 | 47 | 107| 167 | 227 408 | 468 5901 651 

48 | 48 | 108/168] 228 409 | 469 591 | 652 

49 | 49 | 1091169 | 229 410 | 470 592 | 653 

50 | 50 | 110/170 | 2301]: 411 | 471 | 582] 593 | 654 

51 | 51 | 111) 171} 231 2/412 | 47215331594 | 655 
52 | 52 | 112} 172] 232 595 | 656 

58 | 58 1113] 1'73 | 233 596 | 657 
54 | 54 1114] 174] 284 597 | 658 
55 | 55 | 115) 175 | 235 598 | 659 
56 | 56 1116-176 | 236] 2 538 
57 157 | 117 lizv7|237 539 
58 | 58 Hee 238 540 

i 59 | 59 {119 239 541 

M. go 


TADBLIO iin. 
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M. | 149 [15° | 16° | 179] 189] 199 | 209 | 219 | 220 [239 | 24° | 259 | 2°] zo | OM. 
0 |8481910] 97allosaliogafi Gilat 2solig54}iasoliasali5a0lt6lel lesa] Oo 
1 | 850/911 | 974/1036/1099]1163)1226] L290] 1355 1420] 1485 1551 G18} 1685 1 
2 18511913] 975) O37/1 LOGIL164)1227/ 1291] 1856]1 421] L486] L552 1616) 1685 2 
8 1852/ 914] 976}! 038/1101}1165]1228) 1 292]135711422] 1487] 155311621) 1687 3 
4 [853] 915 | 977/1059}1 102}1166) 1229) 1293]1358)}1423] 1488) 1554/1621] 1688 4 
5H 18541) 916] 97sllO4iL LOSI L 1 67/1230] L295 1359/1424] 1490] 15 6/1622] 1689 5 
G 48551917] 979] O42) L105]1 16~|1232)1296]1360]1425]1491]1557/1623] 1690 6 
Y 1856/1918] OSOLOASH LOGILI G9/L233} 129TH SG IL4Q6]1 4921155811624) 169} 7 
8 1857) 919] OSIILO4411107]1 170} 123411 298) 136211427)1493] 155911 6231 1698 8 
9 1858] 920} 982]! 0435/1 LO-4117111235)1299]1863]1428) 1494] 1566) 1626] 1694 9) 
10 1859} 921 983)1 046) L109} 172) 1230] 1300/1364 L43ul1495]156 1/1628] 169517 10 
11 1860} 922} 9S4LO47ILLION 173/123 13011366143 11496] 1562/1629] 16956] 11 
12 {861 | 923 O8a|LO4SILLLIILIT + 1238]1802]1367]1432]/1497|) 1563/1630] 1697] 12 
13 1862/ 924) 9961049) 11 1211175/1239]}1 3038/1368] 143881149S/1564]1631] 1698] 13 
14 $863} 925 | 937/1050}1 113] 176/1240}13804]1369]1434]1499}1565}16321 1699] 14 
15 864.1 926/ 9s811057/11 14] 177/12 41/1303] 1876]1485) 15001156711 685! 1700 Rothe 
16 1865 | 927} 98O)105z/1115]1178) 1242) 1306/1371/1436]150211568) 1634] 1TOL] 16 
17. 1866 }928] 99O/LOSHHL116]L179}1243}1307]/1872]1437]150811569116351 1703] 17 
18 [867/929] 991/1054]111 7/118 11/1244] 130s/1378]11438)1504/157011637] 1704] 18 
19 [868/930] 998/LO55/1 LISHL 182] 1245/13 101374] L459] 1505157111638] 1 TVS] 19 
9) 18691931} 994/L0561 11911183] L246/1311/137 51440] 15 06/15 7211639] 1700] 20, | 
2} 18701982) 99d/LOS7ILIZO}1 184) 1248/1312] 1376]L441}/1507|/ 1573/1640] 1TOT] = 21 
99 1871/9338] OOUILOSSILIZILISS 1244/1 313/L377/14431 50S/1574]1641} 1708] 22 
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“TABLES V, VJ, Vil, VIL. 
TABLE VII. 


MOO"'S AUGMENTATION. 


D's SKMLDIAMETER BY THE NauricaL ALMANAC 
/ a7 ‘ ‘t / a” / ‘t ‘ nd / ‘7 €, GF 


. 114.40 | 15.00 15.20 {15.40 |16.00 |16.20 |16.40 


TABLE V. 
DIP OF THE HORIZON, 


> 
w= TS 
co a 


——— | ——  } | | | | | SS 


TRY, ’ ree , " fe) " " " ” ” ” ” 
0.58} 28] 5.10 | 125] 10.56 0 0 0 0 0 0 0 0 
a PIR SPA Ga 108 i Be 3 1 ] 1 i 1 1 ] 
S| 1.40) $2) 5.381 | 155! 11.22 6 ps 2 2 2 2 7 2 
411.55] 38 5.40 | 140] 11.85 9 2 2 3 3 3 3 3 
Sepa pour pe e.00. | 145) 11.47 Le 3 3 3 3 4 4 4. 
6 62.22] 38) 6.00 | 150) 11.59 15 4 a! A 4 4 9 |°5 
712.33) 40} 6.101155, 12.71 1s 4 5 5 5 5 5 6 
812.44) 42) 6.19 | 160] 12.23 21 4) +) 6 6 6 6 7 
Oy) 254) 441 6:28) 165) 12.3 2Q4 6 6 6 7 7 7 ur 
10 | 3.03 } 2 6 7 7 7 8 8 8 
bl Pd. 12 
12 2] 
3 29 
14 3] 
1d 45 
) as 
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fe phe He Pe C9. 09 CO oe CO OG 


ee etc 


16.46 


TABLE VIII. 


DIP OF THE HORIZON—-AT DIFFERENT DISTANCES FROM THE ‘ 
OBSERVER, 


Distance HKIGHT OF THK EYE IN FEK'P. a i 
of tent 5 [10] 15 | 20 | 29] 30] 35 [40] 45] 50] | 
SRV ave ty ‘we / } ! / a, 3 / oe f 
0.1 128} 56 | 84 }112}140/169)197/225]2521280} | 
TABLE VL 0.2 | 14]28]42] 56] 70} 8d) 99ILI3BH 26/1401 | 
; 0.3 | 9119]28] 87] 47] 56} 65} 75) S4! O38) | 
SUNS PARALLAX IN ALTITUDE. 0.4 7 14 2] 98 85 42 49 56 63 70 ; 
3 0.5 | 6/11) 17] 22) 28] 34) 89} 45) 50) 56 
Aye thay 0.6 | 5} 9/14] 19} 23) 28] 33] 37} 42] 47 
wea ah ex 0.7 | 41 8|12] 16] 20] 24] 28] 32] 36] 40 
5 0.8 | 4] 7/10) 14] 17) 21] 25} 28] 31) 35 
9 0.9 | 8] 6] 9} 12] 15} 19} 22] 25} 28) 31 
9 1.0 | 8] 6| 8} 11] 14] 17) 20) 23) 25) 27] & 
8 1.2 | 81 S| Ti OF 12) 14] 16]. 19). 21] 28 
8 1.4 | 8] 41 6] 8 10] 12] 14] 16] 18} 20 
7 P6213) CES aE Sl ata 1 efets 
6 1.8 | 21 8] 5] 6 8} 10} 12) 13) 14] 16 
5 90 1.2) 3) Bi 6h al OT! 12) BS 5 
4 99 | OS bt 67 BLO) LIers 
Q DAE Bh Be) GEO]. GO) CLARO LS 
0 2.6 | 2| 3} 4) 5) 6) Si 9] 101 11] 12 
2 D1 SGA BGG) 7 Bis 
2. SP 4 Bho Gore Stare 
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70 TABLE 1X, 
; FOR CORRECTING THE OBSERVED ALTITUDE OF THE SUNS LOWER LIMB, WHEN 
TAKEN BY A FORE OBSERVATION. — 


yd US ce OPUS D fat, Oe IE ARON 8 OT 
Obs * HEIGHT OF THE EYE ABOVE THE SEA IN FEET. 


j At |7@ | 8 | 10] 12] 14 | 16 | 18 | 20 | 22 [ 24 | 26 | 28 | 80 | 82] 34 | 36 | 
ive} t , , ¢ ‘ ' , f , t , ! , vad / bd rg 
| 5 Of 3.8 3.5] 3.1] 2.8} 2.5} 2.8) 2.1) 1.8) 1.6) 1.4) 1.2] 1.0] 0.8} 0.6] 0.5) 0.3] 
7 5201 4.3] 4.0] 3.6] 3.3] 3.1] 2.8] 2.6 2.31 2.1 1.7} 1.5} 1.8} 1.1} 1.0) 0.8 
15401 4.8] 4.5] 4.1] 3.8] 3.5! 3.3] 3.1] 28) 2.6 2.2} 2.0] 1.8] 1.6] 1.5) 1.3] 
16 Of 5.3] 4.9] 4.6} 4.5] 4.0] 3.7] 3.4] 3.8] 3.0 2.6, 2.4] 2.2} 2.1) 1.9) 1.7} 
1 620) 5.7| 5.4] 5.0) 4.7) 4.41 4.1) 3.9) 3.7] 3.3 2.8] 2.6] 2.5] 2.3] 2.03 
i 640} 6.0] 5.7] 5.3] 5.0] 4.7] 4.5] 4.8) 4.0) 3.8 3.2} 3.0] 2.8) 2.7] 235 
7 O| 6.4} 6.0] 5.7] 5.4] 5.1) 4.8) 4.6) 4.41 41 3.5] 3.3] 3.2) 3.0) 2.7] 
7 20| G.7| 6.3] 6.0] 5.7] 5.4) 5.1 4.7| 4.4 3.8| 3.6] 3.5) 3.5] 3.1 
740) 6.9] 6.6] 6.2) 5.9] 5.7] 5.4 4.9] 4.7 4.1} 3.9] 3.8] 3.6] 3.4 
i 8 Of 7.2) 6.8} 6.5] 6.2) 5.9) 5.7 5.31 5.0 4.4 4.2) 4.0] 3.9] 3.7 
8 20] 7.5} 7.1] 6.7] 6.5] 6.2) 5.9 5.5] 5.2 4.6} 4.4 4.3] 4.1] 3.9 
| 840] 7.7] 7.3] '7.0] 6.7] 6.4] 6.1 5.71 5.5 4.8} 4.7] 4.5] 4.8) 4.1 
19 O| 7.9] 7.5) 7.2) 6.9] 6.6} 6.4 5.9] 5.7 5.1) 4.9] 4.7] 4.5} 4.4 
1920) 8.1) 7.7] 7.4) 7.1] 6.8] 6.6 6.1] 5.9 5.31 5.1] 4.9! 4.7] 4.6} 
940] 8.3] 7.9] 7.6] 7.31 7.01 6.7 6.3] 6.1 5.4| 5.3] 5.1] 4.9] 4.7} 
10 O| 8.5] 8.1] 7.8] 7.5! 7.2) 6.9 6.5] 6.2 5.6] 5.4] 5.3} 5.1] 4.9] 
10 30} 8.7] 8.3] 8.0] 7.7] 7.4] 7.2 6.7| 6.5 5.9| 5.7| 5.5] 5.4] 5.2 
fll O} 8.9 8.6} 8.2] 7.9] 7.6] 7.4 6.9] 6.7 6.1) 5.9] 5.7] 5.6] 5.4 
#11 30) 9.1] 8.8) 8.4] 8.1] 7.8] 7.6 7.11 6.9 6.3| 6.1] 5.9} 5.8] 516 
12 0} 9.3] 9.0} 8.7] 8.3} 8.0] 7.8 7 SE | 6.5| 6.8] 6.2; 6.0} 5.8 
13 0} 9.6} 9.5] 9.0} 8.7) 84) 8.1 7.i| TA 7.2 6.8} 6.6] 6.5) 6.8) 6.1 
114 0} 9.9] 9.6] 9.2) 8.9! 8.7] 8.4 ge) Ben py: 7.1) 6.9] 6.8} 6.6] 6.4 
15 0110.2] 9.8} 9.5} 9.2) 8.9} 8.7 8.2) 8.0 7.4| 7.21 7.0! 6.9) 6.7 
16 0| 10.4} 10.1] 9.7} 9.4) 9.1] 8.9 8.4] 8.2 7.6} 7.41 7.2] T1l 6.9 
17 0} 10.6] 10.3) 9.9] 9.6] 9.3} 9.1 8.6 8.3 7.8).7.6| 7.4) 7.38l Tal 
18 0} 10.8} 10.4) 10.1) 9.8} 9.5} 9.8 8.8] 8.6 8.0| 7.8] 7.6 7.5] 7.8 
119 0} 11.0) 10.6] 10.3] 10.0} 9.7) 9.4 9.0] 8.8 8.1) 8.0] 7.8] 7.6] 7.4 
120 0} 11.1] 10.7] 10.4] 10.1] 9.8] 9.6 9.1] 8.9 8.2} 8.1] 7.9] 7.7] 7.6 
121 0} 11.2} 10.9} 10.5] 10.2] 10.0] 9.7 9.2) 9.0 8.4) 8.2) 8.1] 7.9) 7.7 
422 0} 11.4! 11.0] 10.7] 10.4} 10.1] 9.8 9.4, 9.1 8.5] 8.3| 8.2! 8.6] 7.8 
23 0} 11.5] 11.1] 10.8] 10.5] 10.2] 9.9 9.5] 9.2 8.6] 8.4, 8.31 8.1] 7.9 
$24 0} 11.6} 11.2] 10.9} 10.6] 10.3] 10.0 9.6, 9.3 8.7/ 8.5| 8.4/ 8.21 8.0 
125 0} 11.7] 11.3] 11.0} 10.7] 10.4] 10.1 9.7| 9.4 8.8; 8.6] 8.5] 8.3} 8.1 
126 0} 11.7] 11.4] 11.0} 10.7] 10.5} 10.2 9.7| 9.5 8.9] 8.7] 8.6) 8.4} 8.2] 
127 0} 11.8] 11.5} 11.1] 10.8} 10.5} 10.8 9.8] 9.6 9.0) 8.8] 8.6] 8.5} 8.3] 
28 0} 11.9} 11.6) 11.2] 10.9] 10.6] 10.4 9.95: 9.7 9.1] 8.9} 8.7} 8.5} 8.4] 
130 0} 12.0) 11.7] 11.3] 11.0] 10.8] 10.5] 10.3] 10.0} 9.8 9.2} 9.0] 8.9} 8.7} S.5§ 
132 Oj 12.2) 11.8) 11.5} 11.2) 10.9] 10.6] 10.4] 10.2} 9.9 9.3) 9.1] 9.0) 8&8! 8.6 
34 0} 12.3] 11.9) 11.6} 11.3] 11.0] 10.7] 10.5] 10.3] 10.1 9.4) 9.2) 9.1} 8.9) 8.7F 
136 0} 12.4] 12.0) 11.7] 11.4] 11.1] 10.8] 10.6} 10.4] 10.2 9.5] 9.3} 9.2! 9.0) 8.8] 
138 Of 12.5} 12.1) 11.8] 11.5) 17.2) 10.9 10.5} 10.2 9.6] 9.4] 9.8) 9.1] 8.9 
140 0} 12.5] 12.2) 11.8) 11.5] 11.3] 11.0 10.5} 10.3 9.7/ 9.5] 9.4} 9.2! 9.0 
42 0} 12.6] 12.2) 11.9) 11.6] 11.3] 11.1] 10.8) 10.6] 10.4 9.8] 9.6] 9.4) 9.31 9.1 
44 Qj 12.7) 12.3] 12.0) 11.7] 11.4} 11.1 10.7| 10.5 9.8] 9.7] 9.5] 9.3} 9.1 
146 0} 12.7] 12.4! 12.0] 11.7] 11.5] 11.2 10.7} 10.5} 10.3] 10.2} 9.9} 9.7] 9.6} 9.4] 9.2 
48 0} 12.8) 12.4) 12.1! 11.8] 11.5] 11.8 10.8} 10.6] 10.4] 10.2} 10.0} 9.8} 9.6} 9.5] 9.3 
50 Of 12.8} 12.5} 12.2} 11.9] 11.6] 11.8 10.9] 10.6 10.0} 9.8} 9.7} 9.5] 9 
52 0} 12.9] 12.5} 12.2] 11.9] 11.6] 11.4 10.9} 10.7 10.1} 9.9} 9.7} 9.6] 9.4 
54 0} 18.0} 12.6] 12.3] 12.0] 11.7] 11.4 11.0} 10.7 10.1} 9.9} 9.8} 9.6] 9.4 
56 0} 13.0} 12.6] 12.3] 12.0] 11.7] 11.5 11.0} 10.8 10.2) 10.0} 9.8} 9.7| 9.5 
158 0} 13.0} 12.7) 12.8] 12.0] 11.7] 11.5] 11.3! 11.0] 10.8] 10.6) 10.4] 10.2) 10.0) 9.9] 9.7] O.b| 
60 Of 13.1] 12.7] 12.4] 12.1] 11.8} 11.6] 11.3] 11.1] 10.9 10.2} 10.1] 9.9! 9.7) 9.5 
162 0) 13.1) 12.8} 12.4) 12.1] 11.8) 11.6 11.1} 10.9 10.3] 10.1] 9.9} 9.8} 9.6 
64 0} 13.2} 12.8) 12.5} 12.2] 11.9] 11.6 11.2} 10.9} 10.7] 10.5} 10.3] 10.1] 10.0} 9.8} 9.6} 
66 0} 13.2] 12.8) 12.5) 12.2] 11.9] 11.7 11.2} 11.0} 10.8] 10.6} 10.4} 10.2} 10.0} 9.8} 9.7 | 
70 O} 13.3} 12.9) 12.6] 12.3) 12.0) 11.8} 11.5] 11.8] 11.0] 10.8] 10.6] 10.4] 10.2] 10.1; 9.9] 9.7} 
80 0) 13.4) 13.1) 12.7] 12.4) 12.1] 11.9] 11.7] 11.4] 11.21 11.0] 10.8] 10.6] 10.4] 10.2} 10.1] 9.9 
90 Of 13.6] 18.2) 12.9] 12.6} 12.3} 12.0] 11.8) 11 6] 11.3} 11.1] 10.9} 10.7] 10.5} 10.41 10.2] 10.0] 


Fes. 
+0'.2 


JAN. 


+0'.3 


, Month. 


Correction, 


May, | 
—0'2 


Mar. APRIL, 


+0's1| 07.0 


_ Deo: ' 
+0'2 


Sepr.| Ocr. | Nov. 


—0.1]+0%1 U +0'.2 


arr 
—0'.2 


JUNE, | J JULY, 
paay | Ee 3 


TABLE X. 71 
SUN’S DECLINATION FOR THE YEAR 1854 FOR APPARENT NOON AT GREENWICH. 


MARCH.| APRIL. MAY. 


JUNE. | JULY. |AUGUST.| SEPT. | OCT. NOV. DEC. 


Pinan wo. .t |o. & lO. ! | O 1to ieee bOosr | oO, Fe. 
35S} 4 32N)15 4Nj22 3N/23 &8Ni18 AN 8 19N Hoshs 26S|21 49S 

712 | 4 55 {15 22 (22 11 |23 4 [17 48 | 7 57 | 3 33 114 45 [21 58 
6 49 | 5 18 15 40 |22 19 |22 59 117 33 | 7 35 | 3°56 15 4 (22 7 
6 26 | 5 41 {15 57 [22 26 |22 54 |17 17 | 7 13 | 4 20 j15 23 [22 15 
6 3|6 4 {16 14 |22 33 122 49 }17 1) 6 51] 4 43 j1d 41 [22 23 
5 40} 6 26 |16 31 2 40 |22 43 116 45 | 6 29] 5 6 {15 59 |22 31 
5 17 | 6 49 |16 48 |22 46 |22 37 116 28/6 61] 5 29 }16 17 )22 38 
45317 11 |17 5 |22 51 [22 30 [16 11 | 5 44] 5 52 |16 35 )22 44 
4 30|7 34 |17 21 22 56 [22 24 115 54] 5 21 | 6 15 {16 52 |22 50 
4 7)7 56 |17 37 |23 1 |22 16 [15 37 | 4 59 | 6 38 117 9 22 56 
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23. 4 |22 10 (15 24 % 


42 
23 9 j22 215 6 19 
23 12 |21 54 }14 48 56 
23 16 /21 45 }14 30 33 
23 19 |21 36 ]14 11 10 


51 |10 1 |19 2 |23 21 [21 27 [13 52] 2 47 
28 j10 22 119 15 |23 23 |21 17 |13 33) 2 24 
4 10 43 19 29 }23 25 ]21 7113 14)2 1 
0 40 111 4 |19 42 |23 26 |20 56 112 55 | 1 37 
0 17S}11 24 |19 55 123 27 120 45 j12 3541 14 


23 27 |20 34 |12 15] 0 51 
23 27 |20 22 |11 55 | 0 27 
23 27 {20 10 j11 35 

23 26 119 58 }11 14 

23 25 |19 45 }10 54] 0 43 
23 23 19 32 310 33 | 1. 6 

23 21 119 19 }10 12 | 1 30 
BS ISVS 1S) 19" SIS 13 
23 16 |18 51 | 9 30 | 2 17 
23 13 118 37|9 91] 2 40 


18 23 | 8 47 


0 7Ni11 45 }20 7 
‘0 31 412 5 |20 19 
0 54 |12 25 |20 31 
1 18 |12 45 120 43 
142113 5 20 54 


a el ES eT 
This Table will answer very nearly for every four years afterwards, but "7 resi accuracy is required, a correction must >a | 
taken from Table Xi 


TABLE -X. 
SUN’S DECLINATION FOR THE YEAR 1856 FOR APPARENT NOON AT GREENWICH. 


FEB. MARCH.| APRIL. AY: JUNE. JULY. |AUGUST.| SEPT. Me NOV, | DEC, 
TSAO oie Flt Qc pose Vion te Ge, 7) LO mre laeieen tae eae 
23 3S)17 15S| 7 25S} 4 42Ni15 12N]22  7NI: 17 57N 205/14 35521 538 
22 59 116 5817 215 5 {15 30 [22 15 !23 2g 14 54 le 2 
28. 5a nto 41) |) Geos 5 * ys a - L 12 29 41 
22 47 |16 23 | 6 16 22 19 
22, 41 16 5 ‘ 5 5 = ( 22 97 
22 34 15 47. +e ; 39 |22 42 [22 40 Ne : } 116 943 34 
22 27 115 281 5 6 | 6 } 56 |22 28 |22 34 16. 56 3° 5 122 41 
22 19 115 10 ¢ 92 53 (23° e700 2: 
22 11 114 51 28 |22 59 |22 20 
: ; 22 13 
22 05 
21 56 
21 48 
21 39 
21 29 
12 31 3: 5 23. 21 20 
12 10 9 25 |2: 21.9 
11 49 : 5 120 59 
11 28 | 0 23S/11 19 23 27 |20 48 
VA. One N23 9 ||: 2! 20 37 10 30 
1.)/10 45 | 0 3441 20 16 |2: 20 25 {Is 0 34 110 51 
19 48 |10 23 | 0 48 : : ; 0 10NIFI 12 
1ONS4r 1 OPP ON a7 2 irs 20 40 |: 0 13S]11 33 |: 
19 20| 9 40] 135113 0 |: OH f 0 37 }l1l 54 
19 6/9 17/1 59 113 19 | 2: 1 O 12 15 [2 
18 51 | 8 55 | 2 22 [13 39 |: 2/23 22 119 93 1 23 112 36 |: 
18 36 | 8 33 | 2 46 /13 58 | é 19 9 1247, 56 |: 3 (29 19 
1820.18.10 1.3.9 14°17 | ‘ 18 55 2 10 16 |: 23 16 
18 517 48+) 3-33 [14 35 | 9: 18 41 9 34 36 |21 3-4 |23 13 
17 48 3 56 |l4 54 |: 2: 18 27 2 57 {13 56 |: ‘123 
17 32 419 2 [is aes as 


SUN’S DECLINATION FOR THE YEAR 1857. 


¥EB. | MARCH. APRIL. | MAY. | JUNE. | JULY. | auc. | sepr. | ocr. NOV. 
e “Ie D ON favo a Gute 
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23 26 
23 27 
0 29 YN 55 |2 3 |23 27 |20 % y 0 39 
7 ZR {12 : 5 | O16N}11 
45 35 {2 2: 0 O&8S}11 28 2 
23 ‘ ; ‘ 0 31 jll 49 
D |20 59 |: 0 5A 54 12 10 |: 
21 9 | 
21 20 |2: 19 12 
21 29 }2: 18 59 
21 39 |2 18 45 
21 48 {| 18 30 


21 57 18 15 | 8 36 


. This Table will answer very nearly for every four years afterwards, but if greater accuracy is required, a correction n must be 
taken from Table XIT. 
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CORRECTION OF THE SUIN'S DECLINATION AT SEA FOR LONGITUDE AND FOR TIME. 


ol t , Pe at! oF | , | t | t i \, , |! j I | 
0] 0* | O- | OF Lo: O- | O- | O- 10+ 10+ JO: 0° Jor jo- 

10; 0°7, 0°7| 0°7, 0-6] 0°6 0-6) 0-60-5105 0-5|0-4/0-4|0-3 
20] 1-3] 1-3| 1-3 1-3) 1-2, 1-2) 1-1)L-0)1-0/0°90-9 0-8)0-7) 
39} 2°0} 2-0] 1-9] 1-0) 1°8 1-8| 1-7|1-6]1-5]1.41-3|1-3|1-o} 

j 40) 2°G) 2-6) 2-6 25| 2-5 Be4) B32 12-018 L-7)1-6 1-4 
f 59] 3°3) 3°38 Bee sbssif onl Soniovzaeae asian ecolt-7| 
} 60) 3-9) 3°9) 3-9) 3-8) 3-7) 3-6 BABB I2-B2- G24 I 
rota a-6h A-s| 405 4°3| 4-2] 4-0/3-7/3-4)3-213-0/2-8!2-4! 

f 89] 52) 5-2) 5-1) 5-1 5+0) 4-8] 4-5/4-2/3-913-7|3.413-212-8, 
1 99; 5:9] 5-9! 5°8| 5-7] 5-6] 5-4 5: 1]4+8/4-4]4-1|3-9/3 613-2) 
1100] 6-51 6-5] 6-4 6-3! 6-2! 6-0! 5+715-3I4-R'4-G14-3/3-9'3-6 
h LO) 7-2) 72) Ted] 7-0) 68) G6) 6315-95 3/5-04-8)4-3/3°9) 
y 120 7-8| 7-8 onl 7-6 TA) 7°2 6-8/6-4|5°8/5-515-2/4- 74-3 | 
} 130] 8-5) 8-5) 8-4) 8-3) 8-0) 7-8] 74:7 -0/6-2/5°9/5-6)5- 1/46) 
P1401 9-1] 9°14 9-0] 8-9 8-7] 8-3] 8-0|7-5|6-710-a)o-015-s10-0) 
159} 9-8] 9°8] 9°71 9:5] 9-3) 9-0) 8°5/8°0'7-2]6°816°5'5°9 5°3) 
160)10°5)10°4110°3)10°2) 9-9 pe co a abe bapa 
Oboe Sea dat 
L801 1-Bi11°7]11°6,11-4/11-1/10.8/10.319-6/8-8/8-3'7-917-a16-4| 

IN WEST LONGITUDE. 


When the Declina. is ; 


a ET OP IES 


=o 


1854 1858 | 1852 
| 861855 =| 1859 | 1863 
1856 1860 | 1864 
} = «1857 1861] 1885 
ie (bsuns| BUB 
; , Ul 
i January 1] 0.1 | 0°3 
£0.24 055 
291 0.4 | 0°7 
30] 0.5 | 1:0 
1 Fes'ry 10) 0-6 | 1°1- 
20] O°6 | 1°2 
281 0°7 | 1°3 
# Marcu 10} 0°7 | 1°4— 
' 20] 0-7 | 1°4 
fi ADD. | ADD. 
| 30) O°7 | 1°4 
PAprit 10] 0°7 | 1:4 
20) 0°6 | 1°3 
30| 0-6 | 1-1 
1 My = 10] 0°5 | 0-9 
20} 0-4 1 0°8 
30} 0°3 | 0°5 
Juve 10| 0-2 | 0-3 
20} 0°0 | 0°0 
SUB. | SUB. 
30! O71 | 0°3 


To apply the Correction in Table XII 


TIME BEF 


When the Declina. is 5 


. 


TABLE XI. 


DECLINATION. 


Increasing, Add. 


Decreasing, Subtract. 


ORE NOON. 


Increasing, Subtract. 
Decreasing, Add. 


73 


TIMS 


IN EAST LONGITUDE, 


When the Declina. is ; 


Increasing, Subtract. 
Decreasing, Add. 


TIME AFTERNOON. 


When the Declina. is ; 


TABLE XII. 


CORRECTION OF THE SUN'S DECLINATION IN TABLE X., AFTER THE YEARS 
FOLLOWING 1854. 1855. 1856, AND 1857. 


1866| 1870] 1874|1878 1854 1858 | 1862 | 1866] 1870| 1874] 1878 
1867 | 1871 | 1875] 1879 1835 185911863] 1867] 1871} 1875}1879 
1868 | 1872] 1876] 1880 1856 1860 | 1864] 1868] 1872| 1876] 1880 
1869| 1873] 1877] 1881 1857 186111865] 1869] 1873}1877} 1881. 
SU3 SUB SU3. | SUB. SUB. SUB. | SUB SUB SUB. SUB 
/ / / / / / / / / / 
0°410°61] 0:71] 0°9 I|Juxnz 30] 0°1 |] 0°3] 0°4 | 0°6 | 0°7 | 0-8 
0°81 1-03] 1°23 11-6 |lJuLy ©10|.0°2 0" 5ar.0°8>) 120s 1-351 6 
V2}, 145 t  Solre-9 20; O-4 | O'7 | 1°1 | 1°44 1°8 | 2°2 
1°5 | 2-0] 2°5 | 3-0 30, 0-5 | 1°0 | 1°35 | 2°0 |] 2°35 | 3°0 
1°6 | 2-2] 2°8 | 3°4 [[Aucusr 10] 0°5 ; 1-1 | 1°7 | 2°3 | 2°8 | 3°4 
19013 5 Sal 13+ 7 20; 0°6 | 1°3 | 1°9 | 2-5 | 3°21] 3°9 
2:0 | 2°6 | 3°3 | 4:0 30/ 0°7 | 1°4 | 2°0 | 2°74] 3°4] 4°91 
9°112°8| 3°51] 4-2 Serr. 101 C'7 | 1-4] 2°11 2°8 | 3°5 | 4°2 
2-1] 2:8 | 3°6 |] 4°3 20} 0°7 | 1°4 | 2°11 2-9 | 3°6 |] 4°3 
ADD. | ADD. | ADD ADD ADD ADD. ADD ADD | ADD. ADD. 
9-1 | 2°81 3°5 | 4°92 30) 0'7 | 1°4 | 2-1 | 2°8 3:5 4+2 
ees Gesar ad at Oor. +11 OW 0+ % 1744-02 08929 via te 4a 
1°9 | 2-5 | 3°21 3°9 20, 0°6 | 1°3 | 1°9 | 2°5 | 3°2 | 3:9 & 
1°71} 2°31 2°81] 3°4 301 0°5 | 1°1 | 1°6 | 2°2 | 2°8 ; 3°4 
1°5 | 2-0 | 2°5 | 3°0 |INov. 10) 0°5 | 1°0] 1°41 1°9 | 2:4 [22-8 
1°2}1°6] #9 |] 2°3 201 0-4] O-8 | 1°21 1°5 | 2-0 | 2-5 
0:8 14-04 1-4) 1°7 30, 0°2 } 0°5 | 0°7 | 1°0 | 1°31 1°6 
0°410°5!10:710°9 IIDec. 10!) 0°2 | 0°31 0°41 0°61 0°7 | 0°8 
0:1 | 0-1] 0°11] 0°1 201 0-0 | 00 | 0-1 | 0-1 | 0:2 | 0-3 
SUB, | SUB. | SUB. |SUB. SUB. | SUB. | SUB. | SUB. | SUB. |] SUB. § 
0°41 0°61] 0°7 | 0°8 30! 0°11 0°3 | 0°4 | 0°61 0°7 


Increasing, Add. 
Decreasiug, Subtract. 


0°9 


Reduce the proposed year by Subtracting any number of Fours until it corresponds 


# to one of the years for which the Declination is given in Table X., and take out the Declination for that year against the day 
of the month, and take out the Correction from ‘Table XII., found opposite the same day of the month, and under the pro: 
posed year, which is expressed in minutes ind tenths; if the tenths are more than 5 increase the minutes by I, but if less, § 
throw them away. This, applied as directed in the above 'I'able. (add or subtract) to or from the Declination taken from 
Tabie X.,. will give the correct Declination for the proposed year until the year ISAL, 


FROM f 
NOON. f 


/ , : } / | H. u. | 
O° 0° jO* j0- 0+ 0+ | O- OF 
0°3]0°3/0-2)0°2 0 a}o-1] 0-4C| 
0°6,0°6,0°5,0°4/0°3,0-2) 1°20 
0-910+8/0°7}0-6/0-4)0-3] 2° 0 
1°2/1°0,0°90°8.0-°5 0-4) 2°40 
teslt-3lt-tl1-ol0-6l0-4| 3°20 
1-3/1 6)l-41°20-8\0.5) 4. Of 
2-1|1-8}1-6l1-4/0-9|0.6] 4.40 
Q+4/2°1j/1-9!1-6|1-0)0.7] 5.205 
2-712-4i2-1{1-8'1-1/0.8] 6. Of 
3-012°712-3l2-0l1-3!0.9] 6.405 
a The oe 22d Oro) 7-205 
3°6/3°212-8/2- 4/1 5|1°0} 8: OF 
3°913° 53° 012°6'1> 6 fa) ea oa 
t-2)38)3-3)2-8) 8]1-2| 9-20 
4°4:4°113°5/3-0/1-°9'1-3]10° 
1-7/4-4[3°7 3-22-01 410-40 
5+ 1/4°6)4°0!3°4/2-2i1-5111°20 
5°514°9/4°313°6/2°311-6112° 0 


TABLE Xlil. SUN'S Mah ASCENSION: 


MARKCH.| APRIL. JULY. |AUGUST.| sEPT. | ocT. NOV. DEC. 


podadremsbei WR heats || Peds on. | pia are eel epaaleaiee, Peete | 
a 


H. MJ 4H. M. He oH. ML} MOH MES ee) Sai 
22.49} 0.42 6.40} 8.45} 10.41) 12.29) 14.25) 16.29 
22.52} 0.46 6.44] 8.49) 10.45} 12.33) 14.29) 16.34 
22.56] 0.49 6.49} 8.53] 10.48) 12.37% 14.33) 16.38 
6 
6 


23. 0} 0.53 ~53} 8.57) 10.52) 12.40] 14.37] 16.42 
3} 23. 3! 0.97 57] 9. 1] 10.56) 12.44) 14.41] 16.47 
7 PE i) Wy ol 7. 1| 9. 4| 10.59] 12.47| 14.43] 16.51 
23.11} 1. 4 7. 5} 9. 8) 11. 3) 12.51) 14.49] 16.55 
23.15) 1. 8 7. 9} 9.12) 11. 7) 12.55) 14.53) 17. 0 
23.18) 1.11 7.13] 9.16) 11.10) 12.58) 14.57) 17. 4 
23.22} 1.15 Tol eee) 01.14) °1S.. Sees eae 


21109 2319 1.17) (133) 6 Toe cae 

vo 9.871 11231).13.) 9) 15. eee 
7.30), 9.31) 11.24)-13.13) 15,173) dgeeee 
7.34) °9.35| 11-28] 13.17) 15-18) 1ieaea 
7.38) 9.39) 11.32] 13:21] 15.22) T7,a1 

7.42] 9.42] 11.35] 13.24] 15.26] 17.35 
7.46] 9.46] 11.39] 13.28] 15.30] 17.39 
7.50! 9.50] 11.42) 13.32] 15.34] 17.44 

7.54| ' 9.53] 11.46] 13.36] 15.38] 17.48 
7.58] 9.57| 11.50] 13.39] 15.42] 17.53 


23.26] 1.19 
23.291 1.22 
23.33] 1.26 
23.37| 1.30 
23.40] 1.33 
93.44) 1.37 
23.48, 1.41 
’ 23.51] 1.44 
19 | 20. 5| 22.11] 23.55] 1.48 
20 | 20.10} 22.14] 23.58] 1.52 


21 20.14] 22.18] 0. 2} 1.56 8. 2) 10. 1) 11.53) 13.43] 15.47) 17.57 
22 20.18) 22.22) O. 6 1.59 8. 6] 10. 5) 11.57) 13.47) 15.51] 18. 2 
23 20.22) 22.26] O. 9} 2. 3 8.10) 10. 8| 12. 0} 13.51] 15.55) 18. 6 
24 20.26] 22.30) 0.13) 2. 7 8.14) 10.12) 12. 4) 13.55) 15.59) 18.11 


25 20.31) (22.33) O.17)° 2.1] 
26 20.35] 22.37] 0.20) 2.14 
27 20.39] 22.41) 0.24) 2.18 
28 20.43) 22.45) 0.28) 2.22 
23 20.47 0.31; 2.26 


8.18) 10.16) 12. 8) 13.58) 16. 4) 18.15 


8.22] 10.19] 12.11] 14. 2116. &| 18.19 
8.26, 10.23} 12.15) 14. 6) 16.12) 18.24 
8.30 10.27) 12.18) 14.10) 16.16] 18.28 

8.33 10.30] 12.22) 14.14] 16.21) 18.33 F 
30 20.51 0.35) 2.30 8.37 10.34) 12.26] 14.18] 16.25) 18.37 


$1 | 20.55 0.38 8.41 10.35 14.292 | 18.42 


‘he Right Ascension given in this Table is for the year 1854, and will an: wer approxim :tely for several years afterwards, but 
where accuracy is required, it must be taken from the Nantical Almanac. 


TABLE XIV. ' 
EQUATION OF TIME FOR APPARENT NOON AT GREENWICH, FOR THB YEAR 1854, AND WILL ANSWER 
NEARLY FOR 1858, 1862, AND 1866 


APRIL. MAY. e JULY. ]| AUG. | SEPT.| OCT. | NOV. DECEMBER, 


SUB. i | sus. | sus. | sus. 
jm.) 1 siM. © 8.1m. . 8. \ rs 
x 51/0.17)16.16) sus. |10.47 


cn 
sy 
= 
= 
n 


9.32 
3.42 3. 9 2.23 0.24]10.36/16.18 10.25 
3.24] 3.16 2.13 .43110.54]16.18 10. 1 
3. 6| 3.22 2.4 . 211.13/16.17 9.37 
2.48] 3.28 1.53 Q2N11. 3116.16 9.12 
2.31| 3.33 145 1.42/11.49/16.14 8.47 
2.13] 3.37 1.32 . 22. 6116.11 8.22 
1.56] 3.42 1.21 .23]112.23]16. 7 7.55 
1.39) 3.45 1.10 .43]/12.39]16. 2 7.29 
1.22] 3.48 0.58 - Ai12.55)15.57 Ti 
1. 6| 3.51 6.34 
0.50) 3.52 6. 6 
0.34] 3.54 5.38 
0.18) 3.54 5. 9 
0. 3] 3.5 : iv ; 4.40 
0.12] 3.53 0.16) 5.41 5. 1014.20 15. 4.3 
0.26] 3.51 0.28] 5.47 3.41 
0.40} 3.49 0.41] 5.52] ; 3.31 
0.54] 3.46 0.54| 5.56 2.42 
12°7| 8.48 1. 7] 6 0} 3.13) 6- "34/15. 6114.13 2.15 
1.20) 3 39 1.20] 6. 4| 2.59| 6.55115.15113.58 1.43 
1.32) 3.34 1.34] 6. 7] 2.44] 7.16115.25]13.42 1.12 
1.44) 3.29 1.47| 6. 9] 2.29] 7.36/15.33]13.26 0.41 
1.56| 3.24 Q. O| 6.11] 2.14] 7.57115.41]13. 9 0.11 
herd fa 2 Bs 2.12) 6.12) 1.58) 8.18/15. 48/12. 51)4PP- 0.19 
2.17) 3.11 2.25} 6.12] 1.41| 8.38115.54|12.32 0.49 
2.27| 3. 4 2.38] 6.12] 1.25] 8.5816. 0112.12 1.18 
2.36] 2.57 2.50! 6.12] 1. 8| 9.18]16. 4]11.52 1.48 
2.45] 2.49 3. 3] 6.11] 0.50] 9.38/16. 9]11.31 2.17 
patie: 2.54) 2.41 3.15] 6. 9] 0.32) 9.57|16.12)11.10 2.46 
13.46 6. 6] 0.14 16. 15 3.15 | 


' TABLE XIV. | 73? 
EQUATION OF TIME FOR APPARENT NOON AT GREENWICH. FOR THE YER 1855, AND WILL ANSWER 
NEARLY FOR 1859, 1363, AND 1367. 


a 
DAYS. JAN. FEB. | MAR. APRIL. | MAY. JUNE. Takei AUG. | SEPT.} OCT. | NOV. DECEMBER, 


‘abb | ADD | ADD SUB. app | app | sus. | suB. | sub. 

‘3. 8.iuc\ lect & Mu. simu. js. M.. 81M, (S8.iMe S.1M.1 SMM. 18. eo 5 & 
3.44/13.52)112.40}app.| 4. 4) 2.59) suB.; 2.34) 3.23) 6. 3) O. OJ0.12)16.15) sus. |10.52 
4.12114. 0/12.28 3.46 3.7 2.25) 3.34] 6.° 0] 0.19110.31)16.17 
4.40/14. 7112.15 3.28 3.14 2.16) 3.46] 5.56} 0.38/10.49)16.17 
De, SIASLSIDY acthiaeol 2.6 3.57|.5.51| OV S77 el Ge FZ 
9.35{/14.18}11.49 rey | 3.26) F 4. 8] 35.46 1.1711. 26/16, 16 
6. Al4t.2sil1.35 Zee tose. .46 1.18 5. 40 “1.37|11.44116.14 
6.28/14. 2611.21 2. 36 ; 128/15 .33) 1.5712 Geel 
6.54/14 529118. 6 ‘ apo oO. 261 2 PTT Ses beaes 
7.20)14.31/10.51 sie alr Ae i0-1 8) 2.382 sail Onl a 
7.44/14. 32]10.36 27] 3.471 | 1. 1],4.56] 5.10] 2.58/12. 51|15.57 
8. 814.33)10.20 . Phat PES Ye 3h 913. 615.5) 
8.32)14.32110. 4 2 DE Sa 40S eli Lon as 
Seooisoi 9. 17 


9.17)14.29 
9.38/14.25 


9.59/14. 23 

L0.20)14.19 

10.39}14.14 

ae 58il4. 9 

-16j14. 2 2 

3.56 

48 

3-40 

cane 

Beeal O- 

1Z.48]/13 12) 5. 3.20 2. 

eee) hovel Oko © : Sale 

Pawiotl aso) s - S206 
Pa034 ‘ f 2.59 GbOse ‘ ern Cabs 
aie ge! - Zl 6. 8} 0.36 soot eho. 

b3 43 eae 1 2.43 6. 6 Q. 18 116.13 


S| Siege 


41) 4. 1/13.36)15.36 
30} 4.22)113.50)15.27 
19} 4.43|/14. 4)15. 18 


4. 
4. 
4. 
4. 
391 4. 8 5. 414.1715. 7 
3 
3 
3 


SOS O2O Or 
me bw 


| 


couonmlowuns€& 


05; 5.26/14.29)14.56 
43) 5.47)14.41)14.44 
30) 6. 8/14.52|/14.30 
3.16) 6.29/15. 3114. 17 


5.50115. 13/14. 

115.2213. 

3115. 31/13. 

9} 2. ~-O215.39113. 
6.11) 2. ~12)15.46)12.55/aDD. 


PGi ge: .33/15.52112. 
6.12) 1. .5315.58I12. 
a Mea bod orait i: 


ow be 


Doe ee ele COCO 
Or ft Gt = 


eee ea won 


c 


© bo bo bo bo 
mm Or ie CW DO 


JAN. FEB. MAR. a AY. JUNE. JULY. | AUG. |SEPT.| OCT. poy. ae DECEMBER. 


app | app | app ‘ . | app. | sus. | sus. | sus. 
8./M. SJM. 8. M. |M. : M. 8.(M. AES IMEEM oa It igs Mor Say 
*36)13°50)12°3ljapp.| 3°51) 3° Sisus. : : * O} 0°14)10°25]/16°16) sun. 10°36 | 
4/13°58112°19 3°33) 3°12 mah : °56) O° 33/10°44116° . 
"33it4° 512° 6 3°16) 3°19 ; 3° °52) O° S52i11° 3]16° 
Olde 1dj11°53 2°58) 3°25 Shs . *47) 1°12)11°21)16° 
aE eli 2°40) 3°30 : 4° "41) 1°31j)11°88/16° 
“S54 211° 2°23) 3°35 1°38} 4°25) 5°35] 1° O1j11°56)16°1) 
°° ZLi4 Qo: 11 2° 6) 3°39 1°27] 4°35] 5°28] 2-11/12-13/16- 8 
4} 5°2 
3|.d! 1 


Or a de ee OO * 


Co Or 


*47)14°29)10°56 1°49} 3°43 1°16) 4°4 0} 2°32)12-30116° 4 
*13)14°31/10°40 2} 2°52)12°46115°58 
*38)14°33)10° 25 : 3° Af ot D° 2 5° 3) 3° 1shs<) 215°52 
8° Bide "33100 9 4°54] 3°34/13°17/15°46 
8°26114°33 4°44) 3°55)13°32/15-38 
8°49)14°32 °25) 4°34) 4°16/13°46/15°30 
9° 11)14°31 °31) 4°23) 4°37/14° 0)15°20 
9° 33)14° 28 


+38) 4°11) 4°58]14-13]15-10) 
“g* 5414°2 . “O°18} 3°5: . 5°43] 3°59] 5° 19/14-26]14-59 
(O° 1514° cy 26 *391 3°55 . 5°48] 3°46] 5°41/14°38114-47 
10°34/14°16] 8° 46] 3° 0°47] 5°53] 3°33] 6 14-49114°34 
10°53/t4-11] 7: . . 1: O| 5°57! 3°20! 6° 23115 Oll4-21 
11° 12/14: +35 . . 1°13] 6° 1/ 3° 6] 6°44[15-10])14- 6 
4} 2°51) 7° 515° 2013°5) 
6} 2°36] °7°26115°29113°35 
9°21] 7°46115-°37/13°18 
Q- 51 8° 715°44113° 0 
1:49) 8° 27/15+ 5112-42 
1°33) 8°48115°57112° 22 
1°16] 9° 816: 219° 2 
0°58! 9°27/16° 611°42 
0°41] 9°47116+10)11° 20 
0° 
0. 


~ 
~- 


A ~Im~1 D C 


~1 “I 


Or Or or nr 


or 


1 
m[— no to wo to] ae BR oo 
. 2 . eae if . . . . . . 
t ti ) 


1°26] 6° 
P3291 G- 
1°52) 6° 
2° 6°1 
-f 176s 1 
2°30] 6-1 
42) 6°1 
55] 6°1 
6 


19| 6: 
aks. 


6 
9 
2 
4 
7 
0) 
2 
5 
7 
9 


Q- 
2° 
3 
3° 23|10° 6/16: 13/10°58 58 
Oa 16-15! 


8 
() 
1 
1 
1 
0 
8 
6 
Re 


74 * TABLE XIyY. 


EQUATION OF TIME FOR APP ARENT NOON AT GREENWICH, FOR THE YEAR 1857, AND WILL ANSWER 
NEARLY FOR 13d), 1965, AND 1569.. 


PAYS. | JAN. | FER. | MAR. APRIL. ‘é NE. JuLY. | auc. | sEPT. | OCT. 
app | app | app Abb | app | sub. | SUB. 
M. SM. s.|M. s. AME ot! a 158. FUSS 
1 3.58/13.56)12.35) ADD. Dead) Os 2 
2 4.26}14. 4)12.22 3.39) 5.57 
3 4.54}/14.10)12.10 3.50] 5.52 
4 5.Q114.16)/11.56 ey As ee Yd 
5 | 5.48)14.20/01.43) 4.11] 5.42 
6 | 6. 15i4. 24f1 1.28 4.21] 5.35] 1. : 
7 G.414 2701.14 Hiaaioos Se. 2. Wits. 
8 7. 614.30)10.59 4.40) 5.21] 2.28)12.26 
9 7.3114.31)10.43 4.49) 5.13} 2.48)12.42)15.59 
10 Froo bt oslUs 0.28K 4.58] 5. 4] 3. 9)12.58)15.53 
11 “8. 1914. 32/10. 12 5. 6 4.55] 3.29113.13)15.47 
12 8. 42ibt.31].9.59 5.14] 4.46] 3.50]13.2815.39 
13 9. 514.30) 9.39 5.22) 4.35) 4.11113.42)15.31 
14 9.27114.28) 9.22 5.281 4.25) 4.3913. 5615.2 
15 9.48}14.25) 9. 3d) sus 5.35) 4.13] 4.53/14 
16 |10. 9fl4.21) 8.47 5.41| 4. 2] 5.14414. 4.22115. — 
17. {10.29|14.17| 8.30 5.46} 3.49] 5.3d5)14.34/14. 48 
18 j10.48)14.12) 8.12 5.51] 3.37] 5.5614. 4514. 3% 
19 |il. 6l4. G6 7.54 5.56] 3.23} 6.17)14.56)14.22 
20 | teedid.) 084.36 6.003 EO 6.38)15. 
Ty Ll. 41 13.53 Bl Gide Lit GO wore. Qoluome 595 
OF 1d, S813 451) 4.30 G6. 6) 2.41 7.20/15. 25)13. 3 
93 112.13/13.37| 6.42 G. 8] 2.25) 7.40/15.33)13.20 
21. [12.28)13.28) 6.23 6.10} 2.10) 8. 1)15.41/13 
Coe hee eioe tS) 6.55 6.11171. S41 822 a8 
BHAI Ze Doane 46 IP ne 642/15. 54(12.26 


- 215.5912. 6 
22116. 4]11.46¢ 
9.42/16. 811.25 
710. I 116.11 Littl. 3 


OT S.CT 12.58 
98 113.19112.46 
PO Be 3 roid 
SOouflasog 
3] betrretts 


ne 


| i 
im dt Or Or Or 
— 


Ae 
wm | te 
dei We 


TABLE FOR CORRECTING TILE EQUATION OF TIME TAKEN FROM THE ABOVE TABLE FOR 
LONGIVUDE AND FOR ‘TIME. 


dt dda een 


DAILY CHANGR OF THE EQUATION. Time 
Lona Sl Cave elas. s. | FROM 
0 2 4 6 8 24 30 | NOON 
2 OSA We 
0? 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
so 8 s SH te: s s s s S. s s s. s s 
10 4) 0:1) 0-1] 0-2) 0°21 O- 3} 073] Or 4] Ord] 0-5) 0-6) 0°6) O°7 Q-7| O-8! Ors! 0.40 
20 0 0-1| 0:2] 0-3] O°4] O-6] O°7} 0-8) O-9 1°O) It 4°21 43h 2" 4) 1 or ase eee 
30 0 0:3) 0-3] Od! O-7] O-gl 1°70] 1°23] 1°3) 1°75) 1°7] 1°8) 2-0) 2°2) 2-3) 2-a) Ae O 
40 0 0:2] 0-4] O-7] O-9} dea] 1°3) 1-6) Les} 2:0) 2:2) 2-4) 2-7) 2-9) 3.1) 3-3 2°40 
50 0 0°31 O-Gl OrS| 1:1] 1-4] 1°7] 1-9) 2:2) 2-5} 2-8) 3-1) 3°3) 3°6) 3°9) 4°2) 3°20 
609 0 0°3] O°7] 1-0] 1°3) 1°7] 2°70) 2-3] 2-7] 3°90 3:3) 3°7 4-0). 4°34 07 Ss Or ae 
70. | 0 | O-4| o-8| 1-2] 1-6] dey] 2-3] 2-7] 3-1] 3-5) 3-9] 4-3] 4-7] Sel) 54] 5-8) 4°40 
89 0 0:4] 0-9] 1°3| 1°8] 2-2] 2-7] 3:1] 3-6] 4 0) 4-4] 4°9) 5°3) 5°8) G2) G7} 5°20 
90 0 0°5| 1°01 1°51 2:0] 2°35] 3:0] 3°5| 4:0] 4-5] 5:0) 5:5] G°O} 6° 5) 7°0) 7-4) GB O 
100 0 0-6] 1-1] 1°7| 2°23] 2-8] 3°3] 3-9] 4-4] 5°0) 5°6) 6-1] G7] 7-2) 7°8) 8-3) 6°40 
110 0 0-6 1°21 1°8| 2:4) 3-1] 3°7] 4°3] 4:9) 5:5] Gell 6-7] 7-3] 7°9) BG 9-2 7°20 
120 0 0-71 1°31 2-01 2:7] 3°3] 4-0] 4°7| 5°3] 6:0} 6° 7] 7-3) 8-0) 8°77) 9.310°Q 8 O 
130 O-7| 1-4] 2-2] Q-ol 3-6] 4:3] 5:3] 5-8] Gd] 7-2] 7-9} Be 7] 9°4L0-1N0-8} 8-40 
140 0 O-sl 1-6] 2°3| 3°1| 3-9] 4°7] 5:4] G°2] 7-0) 7-8] 8-6) 9°3N1O-I1O-Hit 7) 9°20 
150 0 O°8| 1°71 2°5| 3°31 4°21 5-0] 58] 6-7] 775) 8-3] 9° 210-O)10- 811 -7]12°5) 10° 0 
160 0 0-9} 1-8) 2°71 3-6] 4:4] 5°3] 6-2] 7-1] 8-0} 8-9] O° SlO° 71° G12 413°5 10°40 
170 0 0-91 1°91 2-8] 3°81 4-7] 5°7| 6°6| 7°56] 8-5] 9° 410.4] 11° 312° 313° 214°2 11°20 
180 0 1:0} 2:0) 3-0} 4°0! 5-0) 6-0] 7°0! 8-0) 9-O10-O)11 O112°0]13°O114°G]15°0) 12° 0 
a. IN WEST LONGITUDE. IN EAST LONGITUDE. 
V ._ § Increasing, Add. . , . Increasing, Subtract. 
When the Equa. is ; Decreasing, Sdbtract: When the Equa. is S Dec reasing, Add. 
ee és 
TIME BEFORE NOON. TIME AFTERNOON. 
- ¢ Increasing, Subtract. ‘ Increasing, Add. 
V > g; rac r g, 
ee oe ts Decreasing, Add. When the Equa, 1s 4 Decreasing Sablract; 


— | Minutes. 


LOGARITHM OF THE SUN’S HOUR ANGLE, OR THE TIME FROM 


om  --2| Minutes. 


Seconds. 


TABLE XV.—Part Fist. 


EXTENDING TO 64’ 80”. 


£3 
Log. | 3 $ 
An 
6.446 | 14.20 
465 3 
485 40) 
501 50 
519 | 15. 
536 10 
DD3 20 
569 30 
586 40 
602 |] . 50 
G17 716. 
635 10 
648 20 
663 30 
O77 40 
G92 50 
706 117, 
720 10 
734 20 
747 3 
760 40 
13 1.50 
786 18. 
S11 20) 
$24 30 
836 40 
S48 | 50 
860 119. 


Log, E S Log. 
a 

322 130. 20 |7.641 
328 40| 650 
335 131. 660 
342 20} 669 
349 40| 678 
355 132. G87 
362 20] 696 
368 40} 705 
375 133. 714 
382 20} 728 
388 40| 731 
394 134. 740 
400 20| 748 
407 40| 757 
413 | 35. 765 
419 20} 773 
425 40} 781 
431 136. 789 
‘438 20} 797 
444 40} 805 
449 | 37. 813 
AD5 20} 821 
461 40} 829 
473 20] 844 
‘484 40| 851 
496 139. 859 
507 20] 866 
518 40| 873 

20} 88s 


40 


NOON 


| Minutes, 


76 


LOGARITHMS OF THE LATITUDE AND DECLINATION WHEN THEY ARE OF THE 


31 10.522 10.535 


ESE EEE —— el Se a ff | ff 


2 /0.371 


194 
178 
162 
146 
130 
114 
097 
080 
O62 


938 0.972 


936 
902 
S71 
841 
S13 
787 
761 


714 
691 
670 
649 
629 
609 
590 
71 
553 


518 
500 
483 
467 
450 
434 
418 
402 
386 


300 
BAY) 
3o24 
309 
293 
278 
262 
247 
231 


067 | 


TABLE See Part Srconp. 


147 
O94 
O47 
O04 
0.969 
928 
895 
863 
853 


382 


201 


218 
202 
185 
168 
151 
134 
116 
098 


O80 


SAME NAME, 
DECLINATION, 


5o 


2° 


whe) 


358| 278] 211 
357| 277 
356 
1.352 
1.272 1.350 
204] 270|1.348 
145] 201) 267]1.845 
092| 142] 199] 264 
045| 089| 139] 196 
00.2} 042] 086] 136 
0.962 10.999] 039] 083 
925 | 959 |0.995| 035 
S91} 922] 956 0.992 
859| S88} 919] 952 
0.529 10.856 |0.884 |0.915 
801| 825] 852] 880 
773| 807| 821| 848 
747| 769| 793| S817 
723| 743| 765| 788 
699| 718| 739| 760 
676| 694| 714| 734 
6538! 671] 689| TO9 
632] 649] 666! 684 
611| 627} 643} 661 
0.591 |0.606 |0.622 |0.638 
571! 585} 600| 616 
5511 565| 580| 594 
532| 546| 559] 574 
514] 526] 540| 553 
495| 508| 520| 533 
478| 489] 501| 514 
460| 471| 482| 494 
442| 453| 464| 475 
425] 435| 447| 457 
0.408 |0.418 [0.428 |0.438 
391| 400| 410] 420 
374| 383| 393] 402 
357| 366| 375| 384 
341| 349| 358| 367 
324| 382] 341| 349 
308| 315} 323] 331 
291} 299] 306] 314 
275 | 282] 289] 297 
258} 265| 272] 279 
0.235 (0.241 10.248 (0.255 [0.262 
225 | 231| 288] 244 
208} 214] 220) 227 
191| 197] 203] 209 
174| 179] 185] 191 
156| 162| 168] 173 
139| 144] 150| 155 
121| 126] 131] 137 
103} 108} 113] 118 
0851 090] 094] 099 


152 
209 
276 
304 


1.342 
261 
1938 
138 
080 
032 

0.988 

0.948 
911 
876 
844 
813 
783 
756 
729 
703 
679 

0.655 


1.339 
258 {1.3386 
189| 254 
129} 185 
076| 125 
028 | O72 
0.984 }1.0238 - 
944 |0.980 
9061 9389 
902 
867 
834 
| 803 
tte 
745 
718 
0.673 10.692 
649 | 667 
626 
604 
582 
560 
540 
519 
499 
480 


0.460 
441 
422 
404 
385 
367 
340) 
331} 339 
312 
294 
0.276 |0.284 
265 
247 
228 
210 
191 
ive 
153 
134 
114 


0. 


17 TABLE XV.—Part Seconp. - 
LOGARITHMS OF THE LATITUDE AND DECLINATION WHEN THEY ARE OF THE 
SAME NAME. 
Dit LINATION, 
~~ 13° | 14° | 15° | 16° is oes Ui seagy he 20° | LO) 22m) EON dO) | Pr Lata 


vad "0! 


DIU 09 tv 


00.938 |0.904 10.873 |0.8 £4 0.816 |0.789 0.764 |o.740 0.717 |0.695 |0,673 10.652 [0.632 

1} 972} 936] 902] 871] 84! Me 787| 761 sb 714] 691] 66O] 649 

211.009] 970| 934] 900] 868} 839} S11] 784] 758| 734] 710} 687] 666] 2 

31 049 |1.007| 967] 931| 897] sou} 836] so7| 781| 735 730| 707] 683 

4] 094] 047]1.004] 965) 928] 895] 863| 832] 804] 777] 751] 726] 7038 

5| 145] 092] 045]1.002| 962] 925] 891] 859] 829] 801] 773| 747] 722 

6G} 201] 142] 089] 042] 999} 959} 922] 888] 856] 825] 797| 770] 745 

7| 267{ 199] 189] 086 ]1.039]| 995] 956; 919] S884] 8.2] 821] 7938] 765 

8| 345] 264] 196] 136} 083 11.0385] 992] 952] 915] S880} 848] 818} 788 
19 342] 261] 191] 133] 080]1.032| 988] 948] 911} S76] 814] 813] Of 
110 339| 258] 189] 129] 076|1.028] 984] 944] 906) S71] 538/10] 
m 1.336 [1.254 [L185 |1.125 [1.072 [1.023 [v.80 [0.9389 10.902 10.866 | 1] 
12 332| 250] 181] 121] 067]1.019] 975] 954) 896] 12] 
13 3828] 246] 177] 116] 063)1.014|) 970] 929/138] 
14 323 | 242] 172] 112] 058|1.009] 964] 14] 
15 319} 237] 167] 106] 053]1.003] 15] 
16 314| 232] 162] 101] 047] 16] 
17 308| 226] 157] 095] 17 
118 |1.828 | 303 | 221] 150/18] 
119] 246 |1.828 298] 215} 19] 
120} 177] 242/1.819 291 | 20 
P21 |1.116 [1.172 |1.287 |1.314 21 | 
$22} 063] 112] 167] 232]1.308 22 
£23| 014) 058] 106] 162] 226 ]1.803 23 | 
124 10.970] 009} 052] 101} 156] 221 |1.297 24 | 
25] 929 0.965] 004] 047] 095] 151! 215]1.291 25 | 
26} 890} 924 [0.959 |0.998| O41} 090} 144] 208 |1.285 26 | 
27) 856] 286] 918} 953 |v.992] 035] 083} 1381 202 1.278 27 | 
723} 823] 850| 880} 912] 947 0.986] 028| O78; 131] 195)1.271 28 | 
#29} 791] S17| 844] 874; 906] 940 10.979] O21] 069} 124] 188 ]1.264 29 | 
£30] 761} 785| 811] 838| 867] 899] 93410.972] 014] 062] 117] 181 11.256]30 
131 0.733 10.755 |0.779 [0.804 [0.831 [0.860 [0.892 10.926 [0.965 |1.007 1.055 jL. Loy | 171/31 ¢ 
32! 706| 726] 748] 772| 797| 824] 853] 885! 919 10.957 10.999] 046] 160/325 
133] 679; 699] 720] 742] 765] 790] 817] 846] 877] 911] 949|0992] 038] 33] 


139] 6380] 647] 665) 685] 705. 727| 750] 774} S01] 829] S61} 894] 931 


134| 654] 672] 692] 712]} 784] 757] 782] 809} 838] 869] 903] 941 [0.983] 34] 
a 
136| 606| 622} 640] 658] 677| 697] 719] 742] 766] 792] 821] 852] 885136 


=| > 


War oe oe 


37| 583) 598] 615] 632] 650] 669] G89} 710] 733] 758} 784] 812] 842/37 
138| 560| 575| 591} 607] 624] 642] 661] 681] 702| 724] 749] 775] S803) 38 
139| 538] 552) 567} 582| 599] 615] 633] 652] 672] 693] 715] 740] 765139 
#40) 517] 5380] 544) 559] 574] 590] 607] 624] 643] 662] 683] 706] 729] 4 
1 41 10.496 |0.509 |0.522 |0.536 |0.550 |0.565 10.581 [0.517 (0.615 10.633 [0.653 [0.674 | 696] 4 
$42} 475| 487] 500} 513] 527] 541] 556] 572] 588] 605] 623] 643] 663142 
43| 455] 466| 478] 491] 504] 517] 532] 546] 562] 578] 595] 613] 682] 48 
144) 435] 446] 457] 469] 482] 4941 508] 522] 536] 552] 568} 585] 602] 44 
45| 415| 426} 436] 448] 460] 472, 484]. 498] 511] 526} 541] 557] 578] 45 
146] -895| 405| 416] 427] 4:58] 449] 461] 474] 487] 501] 515] 530] 545] 46 
147; 376] 886| 396] 406] 416| 427] 489] 451] 463] 476] 490] 504] 518/43 


148] 357] 866] 375] 885] 895] 406] 417] 428| 440] 452] 465] 479] 492]481 
#49) 337| 346] 555| 365 374 384] 395} 405/ 417] 428) 440) 455] 407/494 
150} 3818] 3827) 3835] 344| 354] 362] 373) 383) 394} 405] 416) 42s] 440/503 
151 10.299 (0.307 [0.316 |0.324 |0.333 {0.342 0.351 10.361 [0.371 10.381 | 1.392 W404 [0.415 bi § 
52] 280} 288} 296) 3804] S12] 3821] 330] 339| 349] 359] 369] 3879) 390) 524 
93] 2G1} 269) 276) 284] 292) 3800) 309] 817) 3826] 836 346 355 369 | 55 | 
154) 242) 249) 257) 264] 271} 279) 287) 296} 304) 315} 322) 352] S41) 548 
$55] 223) 230] 236] 244] 251] 258] 266] 274] 282) 291] 299) 399) 318] 55] 
56] 204] 210] 217) 223) 230) 237) 245) 252) 260] 268) 277} 286) 204) 568 
57] 184] 190| 197} 203] 210) 216) 223) 281] 288] 246) 254) 262) 270/57) 
58] 164] 170} 176; 183] 189} 195] 202} 209] 216) 223] 231] 238] 246) 58] 
59] 145] 150} 156] 162] 168} 174] 180] 187] 194] 201] 208] 215] 222]59 
160} 1251 130| 135] 141] 147] 153] 1591 165| 171] 178| 185 192| 198 604 


nae) eae A 


, 


48 | TABLE Vp ar THIRD. 


LOGARITHMS OF THE LATITUDE AND DECLINATION WHEN THEY ARE OF 
CONTRARY NAMES. 


DECLINATION. 


Peaoe 4c 0! | 2° fF 80] 40.1 oe CCN EERE N92) 108 119 | 12° |Lat. 
kt | a a mm Garena Wat ana eR (ORIN) CSET Ce a MME 
0 1.359 1.279 [1.212 11.153 {1.101 [1.055 |1.012 10.979] 0 
1 1.360] 280] 213] 154] 102] 056] 014 10.973) 931] 1] 
2 1.360! 281| 213| 155} 103] 057] 015/0.976] 941] 907) 2] 
3 1.340! 281| 213] 155] 104] 058] 01610.977| 942] 909] 878] 3] 
4 1.360| 280] 218] 155| 104] 058] 016|0.978| 943} 910] 879] S850} 4] 
5\1.359, 280| 213] 155| 104! 058} 016/0.978| 943] 910) 880] 851) S24) 5] 

1 Gl 079) 213| 155} 104] 055| 016|0.979| 943) 911] SSO} 852] 825] 799] Gf 
71 219| 134| 103] 058| 016|0.978} 943] 911] S81] 851) 825) 800] 7761 7 
3! 153! 102] 057] 016|0.978| 943| 911] 881} 852] 825] 800] 776} 753] 8 
852] 825] 800] 776 9 


10| 055| 014|0.976] 942] 910} 880] 852 


| 
| 9]! 1011 056| 015 |0.977| 943] 910] 880 


0.879 |0.851 |0.825 
850| 824] 799 
823| 798| 775 
797 | 774) 751 


111 {1.012 (0.975 |0.941 [0.909 
112\0.974| 939] 907| 878 
1131 9381 906| 876] 849 
114] 904] 875| 847] 822 


0.800 0.776 |0.754 |0.732 

775) 753) 732) T11 
Toe Gol per lla wot 
730] 710) 691) 672 


| 15 9731 846| 820] 795| 772| 750| 729] 709} 690] 671) 653), 636 619] 15 
lig! S44| 818| 794] 772| 749] 728| 708} 689] 670] 653} 635) 619] G03) 16] 


li7| sis| 792] 769] 747| 726] 706] 687} 669) 651 634} 617} 602] 586) 17 
lis| 7891 767] 745| 724] 705} 686] 668] 650] 633] 617] 601] 586) 571 18 


119} 764) 743} 722] 7038 
120] 740| 720] 700| 682 
121 10.717 [0.693 |0.679 |0.661 
#22] 695| 676] 659} 642 
123] 673] 656) 6389] 623 
424] 652| 636) 621} 604 
25] 632) 616] GOL} 586 
126] 613] S598| 5838] 569 
127) 594| 579| 565] 551 
928] 575} 561) 548] 535 

- 557| 544] 531] 518 


684] 666] 648 
664} 646] 630 
0.644 |0.628 |0.612 
625] 609| 594 
607| 592) 577 
589} 575] 560 
572| 558| 544 
055 | 541} 528 
5388} 525| 512 
522, 509} 497 
506} 494} 482 


632| 615) 
614] 598 


0.596 |0.581 


600] 584 
583 | 568 
0.567 10.553 
5791 565.} 551 | 537 
563 |. 549] 535| 522 
547| 588| 520} 508 
5381] 518} 505] 495 
515| 503| 491| 479 
500! 488] 4761 465 
485] 473| 462) 4091 
470| 459| 448] 437 


0.539 [0.525 | 214 
524] 511/22] 
509| 497) 23) 
495| 483|24 
481 | 469) 25} 
467+ 456 [26] 
454) 442/27] 
440} 429/28] 
427 | 416/291 


5) 
540] 527) 514} 502 


30 490| 4781 467} 436| 445| 434] 425] 414| 403|30] 
31 l0:522 10.510 0.498 10.486 [0.474 [0.468 [0.452 (0.442 10.431 [0.421 10.411 (0.401 [0.591 [31] 
139 5051 493/ 482| 470] 459| 448] 438| 427| 417] 407] 397] 388] 378/32] 
133| 489] 477| 466| 453] 444) 434| 428] 413] 403] 394] 881] 375] 366) 33] 
I34| 472 401| 450| 440| 429] 419) 409] 399] 390! 380! 871] 362) 353) 34) 
135| 456 45 435) 424| 414| 405| 395] 886| 376| 367| 358| 340| 341/39] 
136 440 | 4291 419| 410| 400| 390| 381| 372] 363| 354| 345| 387| s28!36) 
137| 424| 414/ 404] 395| 385| 376| 367] 858] 350] 841] 333] 824] 316/37] 
138| 408! 399] 389] 380] 371! 362] 353] 345] 836] 328| 820| 312] 304/38) 
139| 393| 384) 374] 365| 357] 348| 340| 331] 323] 315] 307] 299] 291/39] 
140| 377| 368) 360] 351] 342] 834] 326] 318] 310] 302) 204] 287] 279/404 
[£1 0.362 (0.303 0.345 [7.336 [0.828 [0.320 10.312 0.304 [0.297 (0.289 0.252 |0.274 0.267 [41] 
H4>| 347) 338| 330| 322| 314/ 306] 299] 291] 284) 276] 269] 262] 255] 42) 
143] 331] 323] 315] 308| 300] 202] 285] 278] 270] 263] 256] 249] 242/435 
144| 316) 308| 301] 293] 286] 279| 271] 264] 257) 250] 248] 237] 230/42) 
145| 301| 294] 236] 279] 272] 265] 258] 251] 244) 287] 281) B24) 217 [45 
J46| 236] 279] 271] 264] 257] 251] 244] 237) 231] 224) 218] 211] 205] 46 
147] Q71).204| 257| 250] 243] 237] 230] 224] 217] 211] 205] 198] 192] 47] 
48} 2551 249! 242] 235] 229/ 223] 216) 210] 204] 198] 191] 185] 179]48} 
49| 240} 234) 927] 221/ 215] 208} 202| 196] 190! 184] 178] 172] 167]49] 
150] 225] 219] 212} 206} 200) 194] 188} 182) 176) 171 165] 159] 154] 50§ 
[51 10.209 [0.203 [0.197 10.191 10.185 [0.180 [0.174 [0.168 [0.163 [0.157 (0.151 [0.145 10.140 | 5 
J52| 194] 1ss| 182] 175] 171] 165] 160] 154] 149) 143] 138] 182] 127]92 
153| 178| 172| 167| 161] 186| 130] 145] 140] 134] 129] 124] 119} 1M/53 
54] 1621 157| 151] 146] 141] 136] 180] 125] 120] 115] 110] 103) 100)54 
155| 146] 141| 136] 131] 125| 320] 115] 110} 105] 101] 096] 091] 086) 55 
56| 130] 125] 120| 115! 110. 105| 100{ 095| 091] 086] @81| 077 072) 5 
57| 114] 109] 104] 099| 094] 090] og5| 080] 076] 071| 666] 062) 057] 57 | 


078| 074] 069 
062| 058] 053 
0451 041! 037| 


O80} 075) O71) 066 
062] 058] 054] 050 


628 159F 


012{ G01 


EL EES SE AEF Se hl 


3 07} O92] O87] 083 065| 060] 056} O51 032 | 045 | 58 f 


6 


TABLE XV.—Part Tinp. 
LOGARITHMS OF THE LATITUDE AND DECLINATION WHEN THEY ARE OF 
CONTRARY NAMES. 


DECLINATION, 


79 


000 19.996 19.992 19.983 | 934] 980! 976] 971] 967) 963] 959° | 


af 


at! 13° | 149 | 15° | 16° | 179 | 189 | 199 | 20° | 210 | 220 | 280 | 24° | 25° Lat. 
3 ° oO fF 
010.938 |0.904 |0.873 |0.844 |J.816 |0.789 |0.764 |0.740 |0,717 [0.695 10.673 (0.653 10.632] Of 
1} 906| 875] 846] 818} 792] 767| 743] 720! GOS] 676] 656} 636} GIG] 14 
1 2) 876] 847] 820] 794] 769} 745] 722} 700] 679] 659] 6389] 620] 604] 2] 
3] 849} 821] 795] 771] 747) 724] 703] 682] G61] 642] 623] 604] 586] 3] 
4} 823| 797| 772) 749] 726] 705] G84] 664] 644] 625] 607] 589] S571] 44 
1 5| 798] 774] 750| 728] 706] 686| 666] 646] 628] 609] 592} 574] 557] 5] 
1 6] 775] 751) 729] 703} 6S7| G6S| G48] 630] 612] 594] 577] 561] 544]. 6} 
| 7| 752] 730} 709] 689| 669] 650] 682| G14] 596] 579] 563) 547] 531] TF 
8} 731| 710} 690] 670] G5L| 633) 615] 59s} 581} 565) 549] A384] SIS] Sf 
1 9] 711} 691] 671] 653] 634] G17} GOO] 583] 567] 551] 535] 521] 505] Of 
10} 691| 672] 653] 6385] 618] G01] 584] 568] 558} 587) 522] 50S] 4931108 
L 11 10.672 [0.654 [0.638 [0.619 |0.602 [0.536 [0.570 10.554 {0.959 0.524 [0.509 10.49 [0.481 | 114 
112} 654] 636] 619] 603] 586] 571! 555} 540] 525] SII] 497] 483] 469] 12} 
Pid) 637) 620|. 603} 587} 571] 556} 541] 527] 512| 498] 485| 4711) 457113) 
114] 620] 608] 587] 572] 557| 542) 527) 513] 499] 486] 473} 460] 446] 14] 
15] 602} 587] 572] 557] 542] 528] 514] 500| 487| 474 461 449} 435] 15] 
16] 587] 572] 557| 542] 528} 515) 501] 488] 475| 462] 449) 438] 424/16} 
17| 571} 557! 542] 528} 515] 501) 488] 475] 468] 450] 488] 427] 413] 17] 
18} 556] 542; 528] 515] 50) 483] 475) 463] 451] 438] 426] 416] 402/18} 
J19| 541] 527; 514] 501} 488] 475] 463) 451] 489] 427] 415] 405] 3892] 19F 
- $20] 527] 513° 500| 488] 475] 463] 451} 439] 427] 416! 404] 394] 382/20] 
fT l0.512 |0.409 0.48 0.475 [0.402 (0.451 0-439 (0.427 0-416 [0.405 (0.593 0.385 (0.372 [21] 
22| 498] 486| 474] 462] 450] 438] 427] 416] 405| 394] 883] 3872] 3621/22] 
23) 485] 472] 461] 449] 4388] 426] 415] 404] 393] 383] 3872] 361] 852/23} 
$24] 471] 459| 448] 4387] 425] 414] 404] 393] 382] 3872) 362) 851] 342/24f 
925] 458} 446] 435] 424] 413] 403] 892] 882] 372] 361] 351] 341] 332/23] 
126| 445] 434] 423] 412] 402] 391] 881] 871] 361] 351] 341] 331] 322/26§ 
127| 432] 421] 410] 400| 390] 3880) 870; 360] 3850] 340] 331] 321] 3812] 27] 
28] 419} 408] 398] 888] 3878) 358, 358) 349) 339} 330] 820) 3811} 302] 28] 
29| 406| 396| 386] 876] 367| 857) 347] 338] 329] 820] 310] 302] 202/295 
30| 394! 884] 874| 364] 355 346 | 336| 827] 818] 809] 800) 298] 283/305 
31 10.381 (0.372 10.362 10.353 10.344 10.835 [0.826 10.317 10.808 10.299 10.290 [0.282 0.273 | 81 | 
32| 369] 359| 350] 841] 332] 823] 315] 306] 297] 289] 280] 272] 263/32] 
33] 356| 347| 338] 330; 321] 312) 8304] 295) 287] 278] 270| 262] 253/335 
34} 344] 335) 327] 318] 310] 301] 293] 285] 276; 268! 260) 252| 243/345 
Sojesee 324) 815) 807) 298) 290] 282). 275) 266) 259)e850)| 2497, 2939735 T 
36| 320] 312} 303] 295| 287) 279) 271] 263} 256] 248] 240] 232] 221/36) 
37| 308| 300] 292] 284] 276] 268; 260| 253) 245] 287] 230] 222] 214/37) 
138] 296] 238] 280] 272] 265] 257) 250] 242] 235] 227] 220] 212] 204/384 
139| 234] 276) 269] 261] 254] 246) 239] 231] 224] 217} 210} 202) 194/395 
140} 272] 264] 257] 250] 242} 235] 228] 221] 214] 207] 199} 192] 185] 405 
41 10.260 10.252 [0.245 0.238 |0.23 1 0.224 [0.217 10 210 10.203 10.196 [0.188 [0.182 10.175 | 41 | 
42| 247] 240| 233] 227] 220] 213] 206] 199] 192] 186] 178] 172] 165] 42g 
43| 235] 228| 222] 215] 208] 202] 195] 188] 182] 175] 168] 162] 155/43] 
44} 223] 216] 210] 203} 197] 190] 184] 177] 171] 164] 158} 152] 145] 44] 
45| 211] 204] 198], 192] 185) 17] 178] 166] 160] 154| 147] 142] 185) 45] 
146] 198] 192] 186] 180] 174] 167] 161] 155] 149] 143] 186] 182] 125/46} 
147) 186] 180] 174] 168] 162] 156] 150] 144] 138] 182] 126] 121]. 114]47} 
48| 173] 168| 162] 156] 150] 144] 138] 132] 127] 121] 115] 110] 103] 48¢— 
49} 161) 155] 149] 144] 188] 152] 126] !21] 115] 109] 104] 099) 092) 49 
950| 148] 142] 137] 181] 126] 120] 115] 109} 104] 098}; 093; O87} 081] 50 
151 (0.135 [0.130 10.124 (0.119 10.113 [0.108 |0.103 [0.997 [0.092 10.086 [0.08 L 0.076 |0.070 | 5t 
52! 122] 117] 111] 106] 101] 096] 090] 085] O80] 075] 069! 064] 058] 52} 
153/108] 103] O98} 093] O88] O53! 078] 073] 068] 063] 058| 052] 047] 5é 
154| 095] 090} 085] OSO| 075! 070] 065} 060} 055] 051] 046} 041] 035 | 54 
155| OS1| 076| 072] 067] 062] 057] 052] 048] 043] O38] 033] 029] 024] 55] 
1561 067] 063] 058] 053] 049] O44] 039} 035] 030} 025] 021] O17] 011/56 
57| 053} 048| 044] 039] 035] 030; 026} 021] O17] 012] 008} 0904 |9.998] 57 
58] 038] 034] 030] 025] 021] 017] O13] 008] 003 19.999 19.995 19.990} 985 | 58 } 
59} 023] 019] O15} O11] 007] 002|9.998 }9.994 9.9901 985] OSI}. 977} 972/59 
60} 008| 004 : 


TABLE XV. 


PART FOURTH. 


CONTAINING THE SUM OF THE TWO LOGS AND THE 
CORRECTION FOR ALTITUDE, 


PART FIFTH 


CONTAINING: THE LIMITS OF THE TIME FROM 
NOON AT WHICH THE OBSERVATION 
SHOULD BE MADE 


ie Diels Hi TER oie Rage Ae lees! Seas igs 
8 3 ee 3 Ss MO ]-S 3 | 20 DEC. OF THE SAME NAME AS THE LATITUDE. 
gS) eat eat egal eet eae 
OSA Oar a A 
0. 1 | 6.464] 0.51|8.171 } 1.41 | 8.468 
2 765 527. 180 1 1i42 1s 472 0.9 {0.12 | 0.15 
3 94] 53 189 | 1.43] 476 6 9 2 
4 | 7.066 54; 196] 1.44] 481 5) 7 
a) 163 55) 204 1 145). 485 2 4 8 
6 242 5g| 212 11.46) 489 5 3 5 
7 309 57). 220 1.1.47| 493 8 5 2 
8 367 58] 227 11.48) 497 12 ) 6 
9 418 5O 4 2oos1 £491. OO! é € 10 
10 AGA 11.04) 24211701.50 1) 505 Ld 
a 50511. 1} 249 411.51] 509 20 
12 BAS Dee OG dete ie Le i 
15 RR alee Teo reo 4 Golo 
14 GIO T. 41) +270 Libay) 61 
15 G40 1: 51 (277 1 ee 524 
16 6681 1. 6] 9283 | 1.56) 528 
17 G04 tag '7 AZO awit 532 DECLINATION OF THE CONTRARY NAME TO THE 
18 | 7191)1. 8| 296 ]-1.58| 536 , LATITUDE, 
19°) |. "7491 Te 9). 303% 1:59) 339 . 
91) "65 1.10 809 2 0 543 tay m a m ml m {| h m 
2] 736] 1.11| 315 | 2. 1| 546 010.0 |0.4 | 0. 7} 0.100.138 | 0.16 
921 806] 1.12| 321 | 2. 2|- 549 18 
ya: QS PES SQ ie.) Ode 
24 8441 1.14) 8383 | 2 4] 957 
20 862.1.1:15 | 3390 4-25 5}. 560 
26 8791.1.16| 345 1 2 6} 564 
Qt 8951 1.17} 330 | 2 7) 567 
23 911} 1.18} 385612. 8) 9571 
29 926] 1.19| 361 | 2. 9) S74 
30 941} 1.20} 3867 12.10] 578 
ol 9554 1.214 3872 P2141 d81 
o2 969| 1.221 3877 | 2.12| 9584 
oe 982} 1.2381 383 | 243) 9557 
5 9951 1.24) 389 | 2.14) 591 
35 | 8.008] 1.25| 389357 2.15| 594 
3 020) 1.26) 398°) 2:16). 597 
37 032.1 1:37:11) ;403 2a “600 
38 044} 1.28; 408 |] 2.18; 6038 
39: |. 054] 1.29) 413] 2.19) 606 
40 066] 1.80} 419 | 2.20; 610 
41 OTF.) aol). 423 P2zl) .618 
42 O87} 1.82) 427] 2.22) G16] 
3 097) 1.38} 482 |] 2.23); 619 
44 107} 1.84] 48 9.24} 622 
45 VIG) e545 4411 2.25 157625 
46 126] 1.36] 446 12.26] 628 
47 1361 1.87) 4501227] 63 
48 1451 1.38} 4355 | 2.28). 63 
49 1547 1.39) - 459 12.29) 6387 
50 163] 1.40} 464 | 2.3 640 


JABLE XVI. 
j APPARENT TIME OF THE SUN'S RISING AND SETTING. 


—_—_———— 


Lat. |] Sett.! Ris. | Sett. | Ris. 


LATITUDE AND DECLINATION OF CONTRARY NAMES. 


- DECLINATION OF ‘THI: SAME NAME AS 'THE LATITUDE, 
= ye Qo vee 
4p Ris [Nett] Ris. | Sett. [Ris | Sett. | Ris. is. | Sett. Sett.| Ris. | Sett | 
nH. M. H. M. H. M. H, M. dis Os Ham. H. M. H. M H. M. H. M . By MB OM. hte Me 
0 | 6.0! 6.0] 6. 0] 6G. 0] 6. 0] 6 O| 6 O] 6G. O] 6 0} 6. 0 6. O16. O16. OF 
2 | 6.0! 6.0] 6. 0] 6. 0] 6. 0] 6. O] 6. O1 6 O} 5.59] 6. 1 6. 115.5916. 1} 
416.0! 6.0] 6. 0] 6. 9] 5.59] 6. 1] 5.59] 6. 1] 5.58] 6. 2 6. 215.5716. 3] 
G6 | 6.0] 6.0] 6. 0! 6. 9] 5.58] 6. 2] 5.58] 6. 2] 5.57] 6. 3 6. 3|5.5616. 4] 
| 8 | 6.0] 6.0] 5.59] 6. 1] 5.58] 6. 2] 5.57] 6 8] 5.561 6. 4 516. 515.5516. 5 
10 | 6.0} 6.0] 5.59| 6. 1] 5.57) 6. 3] 5.56] 6. 4] 5.54] 6. 6 6. 615.5316. 7 
1 12 |.6.0| 6.0] 5.58] 6. 2] 5.57| 6. 3] 5.55] 6. 5] 5.53] 6. 7 316. 715.5216. 8 
14 | 6.0] 6.0] 5.58| 6. 21 5.56] 6. 4] 5.54] 6. 6] 5.52] 6. 8 6. 915.5116. 9F 
1 16 | 6.0] 6.0] 5.58] 6. 2] 5.55] 6. 5] 5.53] 6 71 5.51] 6. 9 6.10] 5.48 | 6.12 
1 18 | 6.0] 6.0] 5.58| 6. 2] 5.55] 6. 5] 5.52] 6 S| 5.50] 6.10 6.12] 5.4716.18 
120 | 6.0] 6.0) 5.57] 6. 3] 5.54] 6. 6] 5.51] 6. 9] 5.48] 6.12 6.1315.45 16.13 
| 21 | 6.0; 59] 5.57] 6. 3] 5.54] 6. 6] 5.51} 6. 9] 5.48] 6.12 516.14] 5.441 6.16} 
| 22] 6.0) 6.0] 5.57] 6 3) 5.54) 6. 6] 5.50] 6 5.47 | 6.13 6.15 | 5.44 | 6.16 | 
¥ 23 6.0, 6.0] 5.57] 6. 3] 5.53] 6.7 5.46] 6.14 6.16 | 5.43 | 6.17 
# 24 6.0, 6.0] 5.57] 6. 3] 5.53] 6. 7 5.46] 6.14 6.17] 5.42 | 6.18 | 
125 1 6.0; 6.0] 5.56! 6. 4) 5.53] 6. 7 7 6.18] 5.41 | 6.19] 
1 26 | 6.0] 6.0] 5.56] 6. 4] 5.52] 6. 8 6.19 | 5.40 | 6.20 | 
1 27 1 6.0] 6.0] 5.56] 6. 4] 5.52] 6. 8 6.19] 5.39} 6.21 | 
28 | 6.0] 6.0] 5.56] 6. 4] 5.51] 6. 9 6.20 | 5.38 | 6.22 | 
29 | 6.0] 6.0] 5.56] 6. 4] 5.51 9 6.21 1 5.38 | 6.22 | 
30 | 6.0| 6.0] 5.55/15. 5| 5.51 6.2215.37| 6.23 | 
1 31 | 6.0] 6.0] 5.55! 5. 5] 5.50 6.23 | 5.36 | 6.24 | 
1 32 | 6.0] 6.0] 5.55! 5. 5] 5.50 516.24 | 5.35 | 6.25 | 
1 33°] 6.0] 6.0] 5.55] 6. 5] 5.50 6.25 | 5.34 | 6.26 
1 34 1 6.0] 6.0] 5.55| 6. 5] 5.49 6.25 | 5.33 | 6.27 
1 35 | 6.0] 6.0] 4.55] 6. 5] 5.49 6261 5.32 | 6.28 
1 36 | 6.0] 6.0] 5.55] 6. 5] 5.48 6.27 15.31 | 6.29} 
1 37 | 6.0/6.0] 5.55| 6. 5] 5.48 6.25 15.291 6.31 
33 | 6.0| 6.0] 5.55] 6. 5] 5.47 6.29 | 5.28 | 6.3 
39 | 6.0! 6.0] 5.55] 6. 5] 5.47 84) 6. 6.31 15.27 16.8 
40 | 6.0! 6.0] 5.54] 6. 6] 5.47 5.33 | 6.27 | 5.28 | 6.321 5.26] 6.38 
41 | 6.0} 6.0] 5.54] 6. 6] 5.46 5.32] 6.28] 5.27 | 6.33 | 5.25 | 6.35 
42 | 6.0} 6.0] 5.54] 6. 6] 5.46 5.31 | 6.29] 5.26 | 6.34] 5.23 |.6.3 
43 {| 6.0| 6.0] 5.53| 6. 7] 5.45 5.30] 6.380] 5 2516.35] 5.22 | 6.88 § 
44 | 6.0} 6.0| 5.53] 6. 7| 5.45 B31] 5.24] 6.36] 5.21] 6.39 4 
45 | 6.0| 6.0] 5.52] 6. 8] 5.44 5.8¢ 5.221 6.3815.19 | 6.41 | 
46 | 6.0} 6.0] 5.52] 6. 8] 5.48 5.35 | 6. 5.21 | 6.3915.18 | 6.42 | 
1 47 | 6.0} 6.0] 5.51] 6. 9] 5.43 5.34 5 5.19| 6.41] 5.16 | 6.449 
f 48 | 6.0| 6.0] 5.51] 6. 9] 5.42 5.83 | 6. 36] 5.18 | 6.421 5.15 | 6.45 | 
1 49 | 6.0| 6.0] 5.51] 6. 9] 5.42] 6.18] 5.82] 6. ‘ 37| 5.16] 6.4415.13 | 6.47] 
1 50 | 6.0] 6.0] 5.50] 6.10] 5.41] 6.19] 5.31 | 6.29] 5.21] 6.39] 5.15 | 6.4515.11| 6.49 | 
1 51 | 6.0] 6.0] 5.50] 6.10] 5.40] 6.20] 5.30] 6.80] 5.20] 6.40] 5.13] 6.47] 5.101 6.50 § 
1 52 | 6.0| 6.0] 5.50] 6.10] 5.39] 6.21] 5.29] 6.31] 5.19] 6.41] 5.11]6.4915. 816.52] 
153 | 6.0] 6.0] 5.49] 6.11] 5.39] 6.21] 5.28] 6.32] 5.17] 6.43] 5.10]6.50]5. 616.54] 
154 | 6.0] 6.0] 5.49] 6.11] 5.388] 6.22] 5.27] 6.33] 5.15] 6.45] 5. 816.52] 5. 4] 6.56 
155 | 6.0] 6.0] 5.49] 6.11] 5.87] 6.23] 5.25] 6.385] 5.14] 6.46] 5. 616.5415. 216.58] 
156 | 6.0] 6.0] 5.48] 6.12] 5.86] 6.24] 5.24] 6.86] 5.12] 6.48] 5. 5/6.55)4.59]7. 1 
457 | 6.0| 6.0] 5.48] 6.12! 5.85] 6.25] 5.23] 6.37] 5.10] 6.50] 5. 4/6.56 b4.57] 7. 3 
458 | 6.0] 6.0] 5.47] 6.13] 5.34] 6.26 5. S| 6.52] 5. 0/ 6.58] 4.54/17. 6 
159 | 6.0| 6.0] 5.47] 6.13] 5.83] 6.27 5. 6] 6.54] 4.59/17. 114.52) 7. 8 
#60 | 6.0| 6.0] 5.46] 6.14] 5.52] 6.28 5. 4] 6.56] 4.56/7. 414.4917.11f 
1 G1 | 6.0] 6.0] 5.46] 6.14] 5.31] 6.29 5. 1| 6.59] 4.5417. 6] 4.46] 7.145 
1 62 | 6.0] 6.0] 5.45] 6.15] 5.30] 6.3 4.59] 7. 1] 4.5117. 9] 4.43 |7.17] 
63 | 6.0] 6.0] 5.44] 6.16] 5.28] 6.32 4.56] 7. 4] 4.4817.1214.39 7.21] 
64 | 6.0] 6.0] 5.44] 6.16] 5.27] 6.33 4,53| 7. '7| 4.44] 7.16 | 4.38 | 7.25 
65 | 6.0] 6.0] 5.43] 6.17] 5.26] 6.34 4.50} 7.10] 4.41] 7.19] 4.31 | 7.29 | 
66 | 6.0] 6.0| 5.42] 6.18] 5.24] 6.35 4.47] 7.13] 4.87 | 7.23 | 4.27 | 7.33 
66 6.0] 6.0] 5.42] 6.18] 5.23] 6.36 4.44| 7.16] 4.34] 7.26] 4.24 | 7.36 
Sett. | Ris. | Sett. | Ris. | Sctt. | Ris. | Sett. | Ris. | Set. | Ris 
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APPARENT TIME C3 THE SUN'S RISING AND SETTING. 
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TABLE XVI. 83 
APPARENT TIME OF THE SUN’S RISING AND SETTING. 

DECLINATION OF THE SAME NAME AS THE LATITUDE, 
19° 20° 21° 220 
| Ris, | Sett. Sett. | Ris. | Sett. | Ris. | Sett. 
a) MM H. M. ik. M. H. M. ts Me H. M. 
) 6. 0} 6. O16. 01 6. 0 
5.571 6. 3 


Ris. 


Ris. | Sett. 


H. M. H. M. 


~ 
= 
4 


tg fee tet PSL We Ok ae 
pe Ci Or Ol 
Chi waiinton’ 
or) 
pase. 


OS 09 C2 fm BP Cr Or Or 


—UCWwWO® 
co 


ul 
| or ex on ot er or or Or ot 


5) Or 6 0 


OV FEF Ow OV SE Ot Or] SENN SECA ON Sra 


6 6.25 5.31 | 6.29 
3] 6.27 6.29] 5. & 5.28 | 6.32] 
| 2 30 | 6.30] 5.28] 6.382] 5.26] 6.54 5.24] 6.365 
|: 28 | 6.82] 5.26] 6.34] 5.24] 6.36 5.22] 6.38] 
ae 26] 6.34] 5.24] 6.36] 5.22] 6.388 5.20} 6.40} 
| Bi: 24] 6.36] 5.22] 6.388] 5.21] 6.39 5.18] 6.425 
| 2 Bi: .85| 5.23] 6.37] 5.21] 6.89] 5.19] 6.41 5.15| 6.45] 
hee 5.23 | 6.3 21] 6.89] 5.19] 6.41] 5.17] 6.48 5.13 |. 6.47 § 
es engi 19| 6.41] 5.17] 6.43] 5.15] 6.45 5.11] 6.49 f 
i 5.20 | 6.40] 5.17] 6.43] 5.15] 6.45] 5.12] 6.48 5. 9| 6.51} 
H 28 15. 5.18] 6.42] 5.15] 6.45] 5.13] 6.47| 5.10] 6.50 5. 7| 6.53 
129 |5. 5.16| 6.44] 5.13] 6.47] 5.11] 6.49] 5. 8| 6.52 5. 4| 6.56] 
130 |5. 5.14] 646| 5.11 | 6.49] 5. 5. 6] 6.04 5. 2| 6.58] 
5. 5.12| 6.48| 5. 9| 6.51] 5. 5.4 16,06 5 7.0 
a. 5.10) 6.50] 5. 7] 6.53) 5. 4] 6.56] 5. 2) 6.58] 4. DVAST TSE 
ae 49] 5. 8] 6.52] 5. 5] 6.551 5. 2| 6.58] 4.59 4:56.04 | 4b Teo 
5. 9|U.51] 5. 6] 6.54] 5. 8} 6.57] 5. 0] 7. Of 4.57 4.538| 7. '7|4.52| 7. 8 
eri Oos 15.4 176.561 O- 1'1.6.59 14.581) 7.4.2 4.51] 7. 914.49] 7.11} 
5.5 /6.55/'5.' 216.58] 4.59) 7, 1) 4.55 |°7. 5 7.12] 4.46 | 7.14 | 
pet 0,05175.) 0172107 4.067) 414.538 1% 7 7.15] 4.44] 7.16 § 
met 10.001, 4,58) 782) 4.53) 7. '7]/4.50 927.10 TAT 440 ee 
39 14.59/7. 1] 4.55| 7. 5] 4.51] 7. 9] 4.48] 7.12 7.20| 4.38 | 7.22] 
O57\7. 314.53 | 7.57) 4.49) 7.11 1)4.45 17.15 4.41 (7.19 2314.35 | 7.254 
41 44.5417. 6] 4.50] 7.10] 4.46] 7.14] 4.42] 7.18] 4.85] 7.22 4.31] 7.29) 
1 42 44.5217. S} 4.48| 7.12] 4.43] 7.171 4.39] 7.21] 4.85] 7.25 4.28 | 7.325 
13 14.49/7.11] 4.45] 7.15] 4.41] 7.19] 4.36] 7.24] 4.31 | 7.29 4.24 | 7.36] 
| 44 14.47/7.13] 4.42] 7.18] 4.88] 7.22] 4.33] 7.27] 4.28] 7.82 4.21} 7.39% 
145 [4,447.16] 4.39] 7.21] 4.35] 7.25] 4.30] 7.30] 4.25] 7.35 4.17) 7.43] 
1 46 |4.41/7.19| 4.36] 7.24] 4.381] 7.29] 4.26] 7.34] 4.21] 7.39 4.13| 7.474 
P47 14.3817.22) 4.33 | 7.27] 4.28] 7.32] 4.23) 7.871) 4.17) 7.48 4,9) 7.519 
| 48 ]4.55|7.25] 4.30] 7.30] 4.25] 7.35] 4.19] 7.41] 4.13) 7.47 4/5). 7.55 
1 49 |4.32/7.23] 4.27] 7.38] 4.21] 7.89] 4.15] 7.45] 4. 9| 7.51 4.0/8. OF 
P50 [429/731] 4.23) 7.87] 4.17) 7.43] 411] 7.49] 4. 5] 7.5 8.55] 8. 5] 
51 14.25/7.35] 4.19} 7.41 | 4.138] 7.471 4. 7) 7.58) 4 O18. 3.50 | 8.105 
f 52 |4.22)|7.38] 4.15] 7.45] 4. 9| 7.51] 4. 2] 7.58] 3.55) 8. 3.45 | 8.15] 
} 53 |4.15|7.42] 4.11] 7.49] 4. 4] 7.56] 8.58] 8. 2] 3.50] 8.1 3.39 | 8.21} 
b 54 [4.14]7.46] 4. 7] 7.53] 4. 0] 8. 0] 3.52] 8. 8] 3.45] 8.15 3.33 | 8.274 
| 4, 9)7.51] 4. 2) 7.58| 3.55| 8. 5] 3.47] 8.13] 3.39] 8.2 3.27 | 8.33 | 
1 56 | 4. 5|7.55] 3.57] 8. 3] 3.49] 8.11] 3.4L] 8.19] 3.33] 8.27 3.20 | 8.40 | 
4, 0|8. O| 3.52) 8. 8] 3.44] 8.16] 3.35] 8.25] 3.26] 8.3- 3.12] 8.48 | 
| 58 ]3.55/8. 5] 3.45) 8.14] 3.38] $22] 323] 3.32] 3.19] 8.41]3. 9 3. 4] 8.56] 
3.49]3.11] 3.40] 8.20] 3.31] 8.29] 3.21] 8.39] 3.11] 8.49]2. 0 2.5519. 5] 
3.43/8.17| 3.34 8.26] 3.24] 8.36] 3.13] 8.47] 3. 2] 8.538]2.51 2.45 | 9.15 
3.3613.241 8.26] 8.34] 8.16] 8.44] 38. 5] 8.55] 2.53] 9. 7] 2.40 2.34] 9.26] 
3.29/8.31 42| 3. 7| 8.53] 2.55| 9. 5] 2.42] 9.1812.28 2.21! 9.304 
1 63 13.22)3.388 2.581 9. 2] 244] 9.16] 2.80] 9.30]2.14 312. 6) 9.54 
: 3.13/3.47 2.47| 9.18] 2.32] 9.28] 2.16] 9.44] 1.58 1.48 '10.12 
| 3. 3/8.57 2.35! 9.25| 2.18] 9.42] 2. 0110. 011.38 1.26 |10.3 
2.5319. 7 2.21] 9.39] 2 2] 9.58] 1.89 110.21] 1.10 0.51 j11. 9 
| 2.46/9.14 1.26 110.34] 0.48 0. O |i 


Ris. | Sett. | Ris. | Sett. | Ris. 7 Sett.| Ris. 
LATITUDE AND DECLINATION OF CONTRARY NAMES. 


| 8+ TABLE XVIL. 
| ALTITUDES BY WHICH TUE APPARENT TIME MAY BE FOUND WITH THE GREATEST ACCURACY- 


DECLINATION OF ‘TITK OBIKCT, OF THK SAME NAME AS THE LATITUDE, 


) Lat. 49°} Lat 
oy i benrcg Warcd orca tarogl DigoM mas PTT priels lees) 26 ao hea 
0} 0 
pA | Ue 
; 3 2 | 
| 5} 8 | 
61 4 | 
' ast 
: a 
1] 7 
ls} 8 
| 14] 9 | 
16] 10 
: LHS 
iy | 12 
20) 13 
921 14 
oe 244 15 
1 16 251 16 
Sa mel 
29} 18 | 
30] 19 | 
| 32] 20 
34] 21 | 
5 36 | 22 
5 37] 23 
5 39] 24 
“D| 9) 14/19 | 24) 29] 35 [41 [47] 54 sf 41 | 25 
5 43] 26 | 
4 45} 27 | 
4 47 | 28 | 
4 49 | 29 § 
“4! 8112116/20 51) 30 | 
4| 8 53} 31 
4| 8 56] 32 | 
: 4| 7 581 33 | 
| 419 G1] 34 | 
“831 71101141 18] 21 | 25 | 29| 83 | 37 63| 35 
3/07 66] 36 | 
31 7 TO} 37 ft 
31-7 741 38 | 
31 6 781 39 § 
3/6 9112116119 | 22 | 25 | 29 | 82 136 | 39/43/47] 51 66173190] 40 | 
3 9 T4| 42 | 
3 9 68] 44 | 
3 8 63] 46 
3 8 60] 48 
50] 3] 4] 8{101 13116 18] 21 | 24/27 57 | 50 
3 8 551 52 
2 7 53| 54 
2 7 51] 56 
2 q 49] 58 | 
21°51 7] 9/12} 14] 16] 19] Qt | 23] 26] 28° 48| 60 
21 5| 7 47] 62 | 
21 41 7 46] 64 
2| 4| 7 45] 66 | 
4| 6 44] 68 
4) 6} 91111131 15117119 | 21 | 23 | 26 | 281301 82 | 34136] 39141 43| 70 
4| 6 42| 72 
4| G 42) 74 | 
4| 6 42) 76 
4| 6 80 | 


TABLE XVIII. Las 


FOR FINDING THE APPARENT TIME OF 24 OF THE PRINCIPAL STARS PASSING 
THE MERIDIAN THROUGHCUT THE YEAR. 


JANUARY. 


| ‘ 
DAY, DAY, DAY. DAY. DAY. DAY. DAY. DAY. ' DAY. DAY. 


3 6 9 1 O00) aN Ml Bee zt eet 27 | 30 


z | 


- H. M HeoM.b es Hee Te, 7M He H. M Hep Mt ts 1 LM. HM. MPT Th Me ae Mot 
Potar Star, . 6.29) 6.12) 5.58} 5.45] 5.382] 5.19) 5. 6} 4.54) 4.41) 4.29) 4.16 

| Acnernar,. ... .| 6.46] 6.38) 6.24] 6.11] 5.58) 5.45} 5.32) 5.20) 5. 7] 4.55] 4.42] 
ALDEBARAN, 9.42) 9.34) 9.20| 9. 7} 8.54) 8.41] 8.28 8.16) 8. 3] 7.51] 7.38 
(CAORELY A ce es 10.20] 10.12] 9.58] 9.45] 9.82) 9.19] 9. 6] 8.54) 8.41] 8.29) 8.16] 
POMGRUL ears 10.22] 10.14) 10. 0} 9.47} 9.34] 9.21) 9. 81 8.56) 8.45) 8.31) 8.18] 
| BerELGUESE, . 11. 1) 10.53} 10.59] 10.26) 10.13) 10. 0} 9.47) 9.355) 9.22) 9.10} 8.57 | 
CANOPUS,. ....... 13.35] 11.27) 11.13] 11. 0} 10.47) 10.34] 10.21) 10. 9) 9.56) 9.44] 9.314 
SeRIOS. 2 es et Loo kad 1131 PE 18) 115) 5).10.52) 10.39) 10.27] 10714) 10.7 sie 
Castor, tata s 12.39] 12.381) 12.17] 12. 4) 11.51) 11.38) £1.25) 11.13) 11. 0) 10.48) 10.35 
Poutvx, ee eiaiaktel 12.50) 12.42] 12.28} 12.15} 12-02) 11.49) 11.36) 11.24) 11.11) 10.59} 10.46 J 
MOTTE gal cis i yy 5 14.25) 14.16) 14. 38) 18.50) 13.37| 13.24] 13.11) 12.59) 12.46) 12.34] 13.21 § 
Recutus, A Pe Tuan 15.15] 15. 6} 14.58} 14.40 14.27 14.14] 14. 1] 13.49) 13.36] 13.24] 13.11] 
POPABEL Es 6 25, 5; 16. 9) 16. QO} 15.47) 15.3: 15.21 1 . 8 14.55} 14.43) 14.30) 14.18) 14. 54 
Cross, Foor Srar. | 17.33] 17.25] 17.11) 16.58} 16.45 163 32) 16.19) 16. 7] 15.54] 15.42) 15.29 J 
BORDA wn Sark 18.31} 18.23) 18. 9} 17.56} 17.438) 17.30) 17.17) 17. 5) 16.52) 16.40) 16.27 | 
Arcrurus,. . . «| 19.23) 19.14/19. 1) 18.48] 18.35) 18.22) 18. 9} 17.57) 17.44): 17.32) 17.19 | 
 ANTARES,. ...... 21.34] 21.25) 21.12) 20.59} 20.46) 20.383) 20.20) 20. 8} 19.55) 19.43) 19.30 § 
MRR yt grag! 3 23.4.6) 23.37) 23.241 23.1 1| 22.58) 22.45] 22.32) 22.20) 227 71 31. 59 21.42 § 
MNAUCAT ee ee i 0.58} 0.49} 0.386) 0.23] 0.10] 23.57} 23.44) 238.32) 23.19) 23. 7] 22. Dt 
EPAMIONTG i's fal cas 1.28; 1.19) 1. 6} 0.53] 0.40) 0.27] 0.14) 0. 2) 23.49) 23.37} 23.241 
a a eae 1.50) 1.41| 1.28) 1.15} 1. 2} 0.49) 0.36) 0.24] 0.11) 23.59) 23.46 } 
RUS es ers else Ol he ae Ul ec Ul eel one: Ul Lease <Laoy las K 10% 
DOMALHAUT.:. . 1.4.0 4| 3-55| 3.42] 3.29] 3.16 3. 8) 2.50] 2.38] 2795) 2.1380 oa 

BYE BGABL, way ba oe: -o< 4.12) 4. 3) 3.50) 3.87) 3.24] 3.11] 2.58) 2.46) 2.33) 2.21] 2. 8§ 

FEBRUARY. 
NAMES, 1 


gee A AS oe OM eg ee H. Mj; H. M. ae M. H. Mj H. M.J HH. M H. M H. M. 


| Porar Sran,...| 4. 8| 4. Of 3.48) 3.36f 3.24 3.12} 3. 1] 2.49] 2.38) 220! 0. Of 


AcHERNAR,....| 4.54] 4.26) 4.14) 4. 2) 3.50 3.88 3.27} 38.15) 3. 4 2.52) 0. 0 
ALDEBARAN, ...| 7.30) 7.22) 7.10} 6.58] 6.46] 6.34] 6.23] 6.11] 6. O} 5.48) 0. 0 
RCRLUA 2.5 8. 8| 8. O| 7.48] 7.36) 7.241 7.12) 7. li 6.49] 6.388) 6.26 
RU tema ak. 8.10} 8. 2] '7.50| 7.388] 7.26] 7.14] 7. 31 6.51] 6.40| 6.28 
Beretevese,. . .| 8.49) 8.41] 8.29) 8.17] 8. 5) 7.53) 7.42) 7.8 ee bap hat 
CaNOPUS,..... 9.23] 9.15] 9. 3| 8.51] 8.39} 8.27] 8.16] 8. 4) 7.5381 7.41 
FiSIRIUG een ears 9.41} 9.35 ee 9. 9} S57} 8.45} 8.34] 8.22) 8. Il) 7.59 
Castor! /Drawee 10.27 10.19] 10. 7| 9.55} 9.431 9.311 9.201 9. S| 8.57] 8.45 | 
PC POLLUM: Aaa 10.38} 10.30) 10. is 10. 6) 9.54) 9.42) 9.31] 9.19) 9. 8.56 
PPARGUS, . <a es 2.14 12. 6} 11.54] 11.42) 11 30) 11.18) 11. 7} 10.55 ae 10.32 
Reauvs, «eee >. As. 8 12.55] 12.43} 12.31) 12.19) 12. 7 Al. 56} 11. 11.44 11 33 Le 21 
Denne, vid ors ‘13.57 13.49} 13.37] 13.25] 18.15] 13. 1) 12.50] 12.38) 12.27 R. 15 
Cross, Foor Srar, | 15.21] 15.18) 15. 1] 14.49} 14.37] 14.25) 14.14] 14. 2) 18.51] 13 39 
SePIA, «3: /i eam 16.19) 16.11) 15.59) 15.47] 15.35) 15.23) 15.12) 15. 0} 14.49} 14.37 : 
fs Arcturus,....} 17.11/17. 3] 16.51) 16.39} 16.27) 16.15) 16. 4) 15.52) 15.41) 15.29 
i ANTARES,. 1... 19.22} 19.14] 19. 2) 18.50) 18.38] 18.26] 18.15) 18. 3) 17.52] 17.460 
BEOreGAS.. 3. co aumae 21.34) 21.26) 21.14) 21. 2} 20.50) 20.38) 20.27] 20.15] 20. 4 19.52 
WYLTAIR, 4 . hae 22.46} 22.38] 22.26] 22.14} 22, 2 21.50 21.39 21.27) 21:16 21 4 4 
BSECAVONIS, |. 3 sue 23.16] 23. 8) 22.56) 22.44] 22.32) 22.20) 22. 9] 21.57] 21.46} 21.34 
CPRGNI, .°. {apa 23.38] 23.30) 23.18] 23. 6] 22.54) 22.42) 22.31] 22,19] 22. 8) 21.56 
Ses, «5 na 1. 1] 0.53} 0.41) 0.29) 0.17) 0. 5} 23.54] 23.42! 23.31] 23.19 


Fomatnaut,...| 1 
BIGART.. . .) cieune ds 


SSS 


2 1.44 1.32) 1.20) 1. 8} 0.56) 0.45) 0.33 0.22 0.10 
O} 1.52} 1.40] 1.23) 11s] 1. 4] 0.58 0.41} 0. BO} 018 
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TABLE XVIII. 


FOR FINDING THE APPARENT TIME OF 24 OF THE PRINCIPAL STA2S PASSING 
THE MERIDIAN THROUGHOUT THE YEAR. 


NAMES, 


Potar Star,.. . 
ACHERNAR,. .- . 
ALDEBARAN, .. - 
ASAPELLA, feel (acs 
IRIGEL, j5 0c hate 


BETELGUESE,.. . 


| CANOBUS) cee cet 


i 


i 


2. 
4 


“| 


SIRIUS; (cis ieee ys 
CASTOR 20h bats ee 
POLLUX ee eee re 
ARGUS ap stagnant 


DUB REG, dele ss Ve 
Cross, Foot STAR, 
oe CS UR ate 
ARCTURUS, ts)? 
AMTARES, ss\5 (50 


DAY. DAY. DAY. 


1 3 6 


19.45! 19.37] 19.26 


MARCH. 


DAY. DAY. 


9 12 


Hy Eom! GP) & li 


1.48} 1.87 
2.14) 2. 3 


5. 9| 4.58 
5.47) 5.86 
5.49) 5.3 
O.27; 60K 


T. |) 6.49 
LGU fect 
8. 4| 7.53 
8.15) 8. 4 
9.51} 9.40 
10.43} 10.52 
PEST 1.26 


13.59) 13.4% 


14.51) 14.40 
+117. 3) 16.52 


19.15'19. 4 


20.27) 20.16 


20.27} 21.19) 21. 8) 20.57) 20.46 
21.49} 21.41) 21.80) 21.19) 21. 8 


ALTAIR) « « (s\0's 1s | 20.0 1'20.49) 20.38 
PP ASHONGS ”.\ 15! Vets 
COMUGIE Vacs bar's ve ‘ 
(TRU IS heeds tec 23.12] 23. 4) 22.53 
FomaLnaut,.. .| 0. 3) 23.55) 23.44 
PEGASUS +. vs 0.11] 0. 3) 23.52 


22.42) 22.31 
23.90] 23,22 


25.41 


Wap edd BV) Ke 


48} 11.37) 11.26) 11.15) 11. 4) 10.53 
3.12/18. 1) 12.50 


23.30 


— a 


| 
DAY. DAY. DAY. 


DAY. DAY. DAY. 


15°18 211. 24. |e 
Hh. M. 13 ag fh H. M ota: “A, M. H. M. 
1.26] 1.151 1. 4} 0.53}. 0.43h 0.32 
1.52}. 1.41} 1.30] 1.19] 1. 9] 0.58 
4.47} 4.36] 4.25] 4.14] 4. 4| 3.58 
5.25] 5.14] 5. 3] 4.52] 4.42] 4.31 
5.27] 5.16] 5. b| 4.54] 4:44] 4.38 
6. 4| 5.53] 5.42] 5.31] 5.211 5.10 
6.38). 6.27) 6.16). 6.-5| 5.551 Suet 


) 
6.23) 6.13! 6.°2] 
) 


6.59) 6.48 § 


7.20) 7.10) 6.59 | 


9.29) 9.18} 9. 7] 8.56) 8.46) 8.55 | 


10.21 10.10] 9.59 


12.39) 12.28] 12.17 
13.37] 13.26] 13.15) 13. 4] 12.54) 12.438 
14.29! 14.18) 14. 7] 13.56) 13.46) 15.55 
16.41} 16.30} 16.19}16, 8} 15.58) 15.47 
18.53} 18.42) 18.31] 18.20} 18.10} 17.59 


20. 5) 19.54] 19.43 
20.35} 20.24] 20.13 
20.57] 20.46] 20.35 
29,20) 22. 9] 21.58 
23.11} 23. 0} 22. 

23.19] 23. 8} 22. 


20.24) 20.14/20. 3 


21.47 21.57] 21.26 


97| 22.465] 22.36) 22.25 


ARMA a ne 


i} 
; 
q 


; 


NAMES, 


POLAR STAR,<.. . 
ACHERNAR,.... 


| ALDEBARAM, . . 


A 


q 


GIN 2 TEA Oa 
EAST A ga aa 
BETELGUESE,.. . 


CAMOPUS Re css 


STH TOM MATES, Ye fans 
TAR TD EUR Lo pein « 
POLLO Ip sane 


| ARGUGHER EL Gio. 


4 


REGULUS,0 ib ease 


DuBHE. ee 


1 Cross, Foor STAR, 
|S PICA, ey. ees 
| Ancromus sc: vei: 


| Pavonis,.... 


ANTARES, Us 5°. 


yeni ag ge 


PUPA IR 5 iS 


OVGRTD Es oo. 


Pity tole? ae 


FoMALHAUT,... 


TY. ET RN 


jm 
Go 
or) 


LS FS H. M| HH. M. 


0.24) 0.17) 0. Gy: 


0.50} 0.43) , 0.32 
3.46, 3.39) 3.28 
4.24) 4.17) 4. 6 
4.26] 4.19) 4. 8 
5. 5) 4.58! 4.47 
5.99] 5.32) 5.21 
9.57] 5.50] 5.39 
6.43} 6.56) 6.25 
6.54) 6.47] 6.36 
8.50] 8.25) 8.12 


9.19) 9.12) 9.1] 
10.15) 10. 6) 9.55 
11.57) 11.50) 11.19 
12.35) 12.28] 12.17 
13.27] 13.20) 13. 9 
15.38] 15.31] 15.20 
17.50} 17.45] 17.52 


ay 
SO dl teutO 
4.36) 4.25 
5.10) 4.59 


19. 2} 18.55] 18.44} 18.52) 18.22 


.| 19.32] 19.25] 19.141 19. 3] 18.52 


19.54) 19.47] 19.36) 19.25) 19.14 
21.17 21.10} 20.59) 20.48} 20.37 
22. 7 22. 0] 21.49) 21.38] 21.27 
22.15] 22. 8] 21.57] 21.46] 21.35 


8} 14.47] 14.56) 14.25] 14.14 


1534); AB 2 Dae ee eee 


949) 9.38!5 9.27] 


ff] - eS SSO | SS |] SE Eh 


10.42] 10.32] LO.21 | 
12. 6) 11.56) 11.45 | 


19.32) 19.221 19.11 | 
20, 219.521 19.411 


9) 22.38} 22.23) 22.174 


H. M Ite M; H. M. Il. M } | Oa ie te” 
23.33] 23.221 23.11] 23. 6] 22.48) 22.37 
93.59] 23.48] 23.37] 23.26] 23.14) 23. 3 

9.55} 2.44] 2.33] 2.22} 2.10] 1.59 

3.33] 3.22] 3.11] 8. Oo] 248) 2.3 

3.35] 3.24] 3.13] 3. 2} 2.50] 2.39] 

414} 4. 3| 3.52] 3.41] 3.29] 3.18] 

44x| 4.37) 4.26] 4.15] 4.8! 3.52 

5. 6 4.55) 4.44] 4.32] 421) 4.10] 

5.521 5.41] 5.80| 5.19] 5. 7] 5.564 

6. 31 5.52] 5.41] 5.30] 508) 5. 7 

7.39] 7.28) 7.17] 7. 6| 6.54) 6.43 

8.28] 8.17] 8. 6 7.55! 7.43] 7.32 


= 
a) 
eS) 
= 


9.22] 9.11} 9. Of 8.491 8.3 
10.46] 10.33] 10.241 10.12] 10. 1} 9.50 


>| 11.44) 11.33] 11.22) 11.13) 10.59) 10 48 


12.36] 12.25] 12.14] 12. 5) 11.51) 11.40 
I4. 2) 15.51 
16.14) 16. 3. 


18.11] 18. 0] 17.49] 17.38) 17.26) 17.15 
18.41] 18.30] 18.19] 18. $] 17.56) 17.45 
19. 3] 18.52] 18.41] 18.30] 18.18) 18. 7 
20.26) 20.1] 20. 4] 19.58] 19.41) 19.30 
21.16] 21. 5] 20.54) 20.43) 20.31) 20.20 
21.24] 21.13]21. 220.52] 20.39. 20.28 | 


16.59) 16.48) 16.57] 16.26 


TABLE XVIII. ; : 87 


1OR FINDING THE APPARENT TIME OF 24 OF THE PRINCIPAL STARS PASSING 
THE MERIDIAN THROUGHOUT THE YEAR. 


! 
DAY. DAY. 
21 


DAY, 


3 


DAY. 


6 


DAY, DAY. DAY. DAY. 


9 12 1S 


HH. M. 


HN. M. L. ‘ He | Moi wHot hi Hee, ee 
Porar Srar,. 22.26] 22.14] 32. 2 21.51] 21.39] 21.27] VL. 15| SL. 3) 20.51; 2 
| ACHERNAR,.... 52| 22.40] 22.28) 22.17] 22.05] 21.53) 21.41] 21.29) 21,17) 2 
ALDEBARAN, 1.48} 1.86) 1.24] 1.13) 1.01) 0.49) 0.387) 0.25) 0.13) 0. 
SXAPELLA, ©. 1.280% 226), Q4i Qe boly 139) 1.27) Lose aoa 30 
EEE AOE Pe On ee 2,.25)¢ 2.16) 2 4 1.638) 1.41) 1.29) 2.17) 91 bp ba ae 
Bere.cuess, . 3. 7| 2.55) 2.43] 2.32) 2.20) 2. 8) 1.56) 1.44) 1.32) 1.20] 
Canopus,..... 3.41) 3.29) 3.17) 3. G).2.54) 2.421) 2:30] (2218) 276 1.549 
SIAL Urs, vt cls Phy 3.09 47| 3.35) 3.24] 3.12) 3. O] 2.58! 246) 2.34] 2.29] 
BRAS EO Rilo.) 629 2, 5 4,45 331 4.21| 4.10] 3.58) 3.46] 2.84] 2.221 2.10] 1.58] 
else vist s 4.56] 4.44) 4.30) 4.21) 4. 9 3.57] 3.45! 3.383) 321] 3. OF 
ae ee 6.32] 6.20] 6. 8| 5.57] 5.45) 5.33) 5.21] 5. 9] 4.571 4.45] 
Reeutvs,.....| 7.28) 7.21) 7. 9) 6.57) 6.46) 6.34) 6.22) 6.10] 5.58! 5.46) 5.34] 


SRERUIGIIB, 6, ees) s 3 8.22). 8.15) 8. 3] 7.51) 7.40) 7.28 7. 41 6.52) 6.40} 6.28] 
Cross, root Star.! 9.46} 9.39] 9.27] 9.15) 9. 4] 8.52 8.28} 8.16) 8. 4 
cs ih ee 110.44! 10.37} 10.24] 10.13) 10. 2) 9.50 9.26} 9.14) 9. 2 
Arcturus,. .. .! 11.36) 11.29) 11.17] 11. 5) 10.54) 10.42): 10.18} 10. 61 9.54 
MAUNTARES 0. 0) os : 13.47| 13.40} 13.28} 13.16] 13. 5] 12.58 iN NS Bie Bard aa ID 
Cae ee ( 15.59] 15.52) 15.40) 15.28 15.17 i. 5 yo} 14.41 14.21) 14.17) 14 
RMPAURIR 65a 117.11) 17. 4} 16.52) 16.40 16. 29) 16.17 15.53 15.41 15.29 ‘1b. i 
PMTAVONIS. otc ss 17.41} 17.34} 17.22] 17.10} 16.59) 16.47) 16.35] 16.23] 16.11) 15.59) 15.47 
Sean... < «|: 18. 8).17.56) 17.34) 17.22) £7.11), 16.59 7) 16.385] 16.23) 16.11 15.50 | 
MMRUT SS a5 5 5) Soy 19.26) 19.19) 19. 7] 18.55] 18.44) 18.32 a 8} 17.56) 17.44 17.382 § 
Fomatuatct, . . .| 20.17} 20.10} 19.598] 19.46} 19.35} 19.23] 19. 59} 18.47) 18.55) 18, 23 | 
BARGASTYS ols. 7" 20.25] 20.18} 20. 6) 19.54] 19.43) 19.31] 19.19 ia 7 18.55) 18.43] 18.31 } 


JUN-E. 


NAMES, 


H. MJ HW. M H. Mi oH. oMa Tf. MM. Ho M H. M.| il, M i Mae Eo M, 
Porar Srar,. . . | 20.31) 20.22} 20.10) 19.58} 19.45] 19.33) 19.20) 19, 8) 18.55) 18.43) 18.30 f 
AcHERNAR,. . . . | 20.57] 20.48} 20.36] 20.24] 20.11) 19.59/*19.46) 19.34] 19.21 19. 9) 18.56 | 


= - ~ |) »«% | - ‘ 
| ALDEBARAN, . . .| 23.53) 23.44) 23.32) 23.22) 23. 9) 22.57) 22.44) 22.32) 22.19) 22. 7] 21.54 | 


~~ 
PAPELOS. is, «. 0.31) 0.22} 0,10] 28.58] 23.45] 23.35] 23.20] 23. 8) 22.59] 22.43] 22.30 
Eats a 33] 0.24] 0.12] 0. 6] 23.49} 23.87] 23.24] 23.12} 22.59} 29.47] 22.34] 
Berevovrse, . ..| 1.12] 1. 3} 0.51 0.39] 026] 0.14) 0. 1] 28.59) 93. Ati] 23.34}23.24 | 


EUANOP US itl site's 1.46] 1.39] 1.25) 1.13) 1. 0} 0.48) 0.35) 0.23 0.10) 23 AS 23.35 | 

US Ss Wed 4 ee 1.55) 1.43) 1.31) 1.18) 1. 6) 0.55) 0.41} 0.2) 0.16) 0. 3¢ 

okie peuaae 2. 2.41) 2.29) 2.17] 2. 4) Lot Vago Loi T.T4)> 12.2) 0.49 I 

mse ee 3. 1] 2.52) 2.40) 2.28) 2.15] 2. 3) 1.50) 1.38] 11.25) 1.15] 1, 0] 

PLRGUS, 0s ingle 4,37) 4.28} 4.16) 4. 4) 3.51] 3. 3.26] 3.14) 3. 1] 2.49) 2.36] 

: ESEGULUS, ../) seas 5.26) 5.17; 5. 5} 4.55) 4.40) 4.28) 4.15) 4. 31 3.50) 3.38) 3.25 | 
BCBS) «le: sha 6.20 5. 22) 5. OF 4.57} 4.44) 4.521 4.19] 
‘Cross, roor Srar,| 7.44 6.5 6.33] 6.21} 6. 8} 5.56) 5.431 
“ALE te Si 8.42) 8. a 7.31] 7.19) 7. 6] 6.54] 6.41 
Arcturts,....| 9.34] 9.25) 9.13] 9. 1} 8.58) 8.46) 8.33) 6.21) 8 8 7.56) 7.48 
PUNTARES, :) ete 11.45} 11.36] 11.24} 11.12) 10.59) 10.47} 10,24] 10.22) 10.10) 9.57] 9,44 
Te ey 13.57| 13.48} 13.36] 13.24] 138.11) 12.59! 12.46) 12,34] 12.21) 12. 9111.56] 


— | ——_——— | | | | | | 


ALTAIR, dart . 915. O} 14.48} 14.86] 14.23) 14.11] 15.58) 13.46) 13.33] 13.211 18. 8 | 
Pavonis,. . .. | 15.39] 15.30] 15.18) 15. 6] 14.53) 14.41) 14.28) 14.16) 14. 3) 13.51] 18.38 | 


Cyent, . . 16. 1) 15.52) 15.40] 15.28} 15.15] 15. 3] 14.50] 14.38] 14.25] 14.13] 14. 0 
Gruis, .... . «| 17.24) 17.15) 17. 3) 16.51) 16.38) 16.26) 16.13) 16. 1) 15.48) 15.36) 15.23 | 
Fomatuaut, . . .| 18.15) 18. 6} 17.54) 17.42) 17.29) 17.17) 17.- 4] 16.52) 16.39} 16.27] 16.14 

nie sine wh 18.23] 18.14) 18. 2] 17.50} 17.37) 17.25) 17.12] 17. 0) 16.47] 16.35) 16 22 
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FOR FINDING THE APPARENT TIME OF 24 OF THE PRINCIPAL STARS PASSING 


THE MERIDIAN THROUGHOUT THE YEAR. 


ee 


AG hon hs 
Sek eried DAY. | DAY. | DAY. | DAY. | DAY. | DAY, | DAY. | DAY. | DAY. | DAY. | DAY. 
; 1 3 6 9 12 15 18 21 24 27 3 

uoM| op M| uM] Hu. Ml oo Ml on. Ml uo. uw] uo. M] oo M| uw. MJ H. MJ 

Porar Srar,. . «| 18.26) 18.18) 18. 6) 17. 531 17.41) 17.29] 17.17] 17. 5|.16.53) 16.41] 16.29 
Acuernar,. . - «| 18.52] 18.44) 18.32) 18.19] 18. 7] 17.55} 17.438 17.381) 17.19] 17. 7} 16.55 
ALDERARAN, . . «| 21.48] 21.40] 21.28} 21.15) 21. 3] 20.51) 20.39) 20.27; 20.15) 20. 3 1D.51 
CAPELLA,.....- 22,26] 22.18] 22. 6] 21.53) 21.41} 21.29] 21.17} 21.05} 20,53! 20, 41) 20.29 

| RicgkL,....-. 22.28] 22.20] 22. 8} 21 55) 21.43} 21.81] 21.19] 21. 7] 20.55) 20,43) 20.31 
| BETELGUESE,. . . | 23.7) 22.59] 22.47 22.54 34] 22.22} 22,10] 21.58 2! 46 21.34 21.22 21.10 
GANOPUS, <i. co 23.41} 23.33] 23.21 23. § 8} 22.56) 22.44) 22.382 22 20 22. 8 21.56 21.44 
Sins. .8. 3S 23.59} 23.51] 23.39] 23.26] 23.14] 23. 2) 22.50) 22.38] 22.26) 22.14] 22. 2 


| Castor, ....-| 0.45} 0.87} 0.25) 0.12} 0. 0/.23.48) 23.36) 23.24 


23.12) 23. O12 


SPOIL Ux eeasu 0.56] 0.48] 0.36] 0.23] 0.11) 23.59] 23.47] 23.85] 23.23] 23.11) 22.59 § 
AuGUBOS aS oe 2,32! 2,24]: 2.12] 1.59] 1.47] 1.35} 1.28] 1.11] 0.59{ 0.47) 0.35% 
ReEGuLus ; 3:91) ¥5.15) 3. 1b 240eee 36 Ay) Py MP _2. ¢ 0} 1.48) 1.36 1.24] 

| PD WH te Leas 4.17| 4. 9} 3.57] 3.44] 3.32) 3.20] 3. 8 2.56] 2.44 2.82) 2.20} 
Cross, Foor Star,} 5.39] 5.81] 5.19] 5. 6| 4.54] 4.42} 4.30] 4.18] 4. 6] 3.54) 3.42] 
SPICES nie cue’: 6.37| 6.29] 6.17, G6. 4} 5.52} 5.40) 5.28) 5.16) 5. 4) 4.52] 4.40] 

} Arcrurus,....| 7.29] 7.21] 7. 9] 6.56! 6.44) 6.32) 6.20] 6. S| 5.56) 5.44) 5.525 
AWTAREE.. 1.13... -< 9.40] 9.32] 9.20] 9. 7] 8.55} 8.43} 8.381) 8.19) 8. 7) 7.85) 7.434 
Vieraa. obs ae e 11.52) 11.44 11.32 P19) F027 IGS 55 10.43] 10.31) 10.19} 10. 7 9.55 ‘ 

Bae eae 13. 4 12.56 12.44 12.31 12. 19112, 7| 11.55} 11.48)11.381) 11.19}71. TF 
avons. ch 13.34] 13.26] 13.14] 13. 1} 12.49] 12.87] 12.25] 12.13] 12. 1) 11.49 11.37 | 

BO ie Re ee 13.56] 13.48) 13.36] 18.23] 13.11] 12.59] 12.47} 12.35) 12.28) 12. 11}11.59 

bee. Bee ace 15.19} 15.11] 14.59) 14.46] 14.34] 14.22) 14.10) 13.58 13. s 13.34] 13.22 

| Fomatnaur, . . .| 16.10) 16. 2] 15.50) 15/37) 15.25) 15.13) 15. 1) 14.49) 14.3 7| 14.25) 14.13 

i Peoast...... .116.18116. 8] 15.56] 15.43] 15.31] 15.19] 15. 7] 14.55 14.43 14.31} 14.19 

AUGUST: 
NAMES. 1 3 6 9 12 15 18 | 21 24 27 | 30 

BES nM) uoM| o.M| o M| ol wf OM) HM, aml HOM| OM] W. M. 

1 Porar Srar,. . .| 16.24] 16.14] 16. 2} 15.51] 15.39) 15.28) 15.171 15. 6) 14.54) 14.44 14.34 

| Acnernar,. . . «| 16.47| 16.40] 16.28} 16.17] 16. 5] 15.54) 15.43) 15.32] 15,20) 15. 9 14.59 § 

| ALDEBARAN, . . .| 19.45] 19.36) 19.24 19.13! 19.01] 18.506] 18.39] 18.28] 18.16} 18.95) 17.54 § 
PAPRELA. fins. s 20.21] 20.14] 20. 2] 19.51) 19.89] 19.28) 19.17) 19. 6] 18.54] 18.44) 18.54 
pO eee ae 20.23] 20.16! 20. 4] 19.53]-19.41| 19.30] 19.19} 19. 8] 18.56) 18.45) 18.38 
BETELGUESE,. . .|21. 2} 20.55! 20. 20.48 20.52 20.20 20. 9} 19.58] 19.47] 19.35] 19.24) 19.14 
ee ee 21.36] 21.29 21.17/21. 6 20.54 20.43} 20.32] 20.21) 20. {| 19.58; 19.48 
a ae «| 21.54) 21.47) 21.35) 21.24] 24.12) 21. 1 20.50} 20.89] 20.27] 20.16) 20. 6 § 
Castor, ... . «| 22.40) 22.33) 22.21] 22.10] 21.58] 21.47] 21.36) 21.25} 21.13) 21. 2) 20.5 52 

7 Pouiux, 0 22.51} 22.44] 22.32] 22.21] 22. 9} 21.58) 21.47] 21.86] 21.24] 21.15) 21. = 

| PRES tet t 0.27} 0.20] 0. 8} 23.57] 23.45] 23.34) 23.23] 23.12) 23. 0] 22.49 29°39 
Reeorvs,...% ....°< 1.16} 1. 9| 0.57} 0.46] 0.84] 0.23) 0.12) 0. 1) 23.49] 23.38) 23.28 

| Doane, oie. 1 QA0l B. Sh 1.51) (1.40 0.43] 0.32] 0.22 

i Cross, Foot Star,} 3.34} 3.27) 38.15} 38. 4] 2.52) 2.41 2. Tt 156) ae 
RIOR Ses See 4.32 4.25) 4:13) 4.: 21°30 s:o9 2. 5] 1.54) 1.44] 
Arcturus,...:| 5.24] 5.17] 5. 5) 4.54) 4.42) 4.31 3.57| 3.46] 3.36] 
ANTARES, 7.35, 7.28) 7.16) 7. 5) 6.53] 6.42 6. S| 557) 5.47 
_Veca, Te rs aa 9.47, 9.40] 9.28) 9.17) 9. 8.54 8.20) 8. 9} 7.59 
Aurdth ysis te 10.59] 10.52] 10.40] 10.29] 10.17] 10. 6] 9.55} 9.44] 9.82} 9.21) 9.11 
Pavonis, 2 0... 11.29] 11.22] 11.10] 10.59] 10.47] 10.36] 10.25] 10.14] 10. 2) 9.51) 9.41 

| Grom, 622). 11.51] 11.44] 11.32) 11.21] 11. 9] 10.58] 10.47] 10.36] 10.24] 10.13) 10. SE 
eaiiia ss’ & ects? « 13.14] 13. 7} 12.55] 12.44] 12.82] 12.21) 12.10] 11.59) 11.47] 11.36) 11.26 § 

} Fomauwavur, .. .| 14. 5 13.58 13.46! 13.34] 13.23] 13.12| 13, 1] 12.50] 11.88} 11 aT. Wwe 

; Pecasi, ..... 114.13} 14, 6] 13. 54] 13. 43] 13.31] 13.20 13. 9] 12.58, 12.46] 12. 35) 12.2 5 
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FOR FINDING THE APPARENT TIME OF 24 OF THE PRINCIPAL STARS PASSING 


NAMES, 


Poxar Srar,. .. 
ACHERNAR,.... 
ALDEBARAN, ... 


CaPELLA, 


THE MERIDIAN THROUGHOUT THE YEAR. 


SEPTEMBER. 


DAY. 


12 


DAY. 


15 


DAY. 


18 


DAY. 


21 


eS ee ee ee ee. ed ee ee 


.| HM] HM 

3} 13.46) 13.35 
14.12) 14. 1 
17. 8| 16.57 
17.46] 17.35 


H. M.| H. M. 
13.24) 13.13 
13.50} 13.39 


aif 17 56 


o| 16.24 


DAY, 


24 


DAY. 


27 


DAY. 


WU. M.| H. M.| BH. M. J 


13. 2] 12,52) 12.41 | 
13.28] 13.18) 13. 7 
16.14] 16. 3 


17. 2) 16.52) 16.41 | 


PEPAEIL,) vy sid) ans 18.27 9 17.58] 17.48) 17.37) 17.26} 17.15} 17. 4} 16.54} 16.45 
BETELGUESE,.. . 18.27] 18.16} 18. 5) 17.54] 17.43) 17.33] 17.22 
KSANGOPUS,, os! 19. 1| 18.50] 18.39] 18.28] 18.17} 18. 7| 17.56 
PUTO GH ppc ekat 6 19.58 19.19) 19. 8) 18.57} 18.46) 18.35] 18.25) 18,14 
PERWTOR I nit 5 5] 20. 5) 19.54) 19.43) 19.32) 19.21} 19.11) 19. OF 
Ba UE phe 6 jy 16) 20. 5) 109.54) 19.43) 19.382) 19.22) 19.11 
ARGUS, do. . 3. He oe 21.41] 21.30) 21.19) 21. 8) 20.58) 20.47 § 
Reautus : 9320 23. 22.41) 22.30) 22.19) 22. 8) 21.57] 21.47) 21.36 
SERRE roa: 0.14 23.35 23,24] 23.13 23, 2| 22.51) 22.41) 22.30 | 
Cross, root Star.| 1.388 0.59} 0.48} 0.37) 0.26) 0.15} 0. 5} 23.54 
DS ie ee 2.36 1.57, 1.46) 1.35) 1.24) 1.135) 1. 3) 0.52 
ARCTURUS,. . 3.28 2.49) 2.38] 2.27) 2.16) 2. 5) 1.55) 1.44] 
ANTARES,.....| 5.39 5. 0} 4.49) 4.38) 4.27) 4.16) 4. 6) 3.55] 
Bem) cif hoa: 7.51 7.12) 7. 1| 6.50) 6.89) 6.28) 6.18] 6. 7] 
PEPUAIR EN, 6 5 04 9. 3 8.24; 8.13] 8. 2 7.51) 7.40) 7.380] 7.199 
Pavonis,..... 9.33 8.54] 8.43} 8.32] 8.21] 8.10} 8. 0} 7.49} 
Oe ee 9.55 9.16] 9. 5; 8.54] 8.43} 8.32) 8.22) 8.11} 
ey ee 10.39] 10.28] 10.17] 10. 6] 9.55) 9.45) 9.34f 
FoMALHAUT, . . .40/ 11.30) 11.19) 11. 8) 10.57) 10.46} 10.36) 10.25 | 
ected \-) ee 48} 11.38) 11.27] 11.16) 11. 5) 10.54) 10.44! 10. 334 

OCTOBER 
NAMES. 1 3 6 9 Le) LD 18): ised | 24 [27 80 

H. M. Ma OS MG) oS MA) OM.) UB OMI) aie Bee, H. M H. Mj H. M. 
Poxar Srar,. . . | 12.37] 12.80} 12.19] 12. 8) 11.57) 11.46) 11.85} 11.23) 11.12) 11. 0) 10.49 | 
AcHERNAR,. . . .| 13. 3) 12.56] 12.45] 12.34) 12.23] 12.12) 12. 1) 11.49) 11.38) 11.26) 11.15 
ALDEBARAN, .| 15.59) 15.52) 15.41] 15.380) 15.19) 15. 8} 14.57) 14.45) 14.34) 14.22) 14.11} 
WAHMLUA us a)... 16.37] 16.30] 16.19) 16. 8] 15.57] 15.46) 15.35} 15.23) 15.12) 15. 0] 14.49 § 
A Cee A Ne 16.39] 16.32) 16.21) 16.10) 15.59] 15.48) 15.37] 15.25] 15.14) 15. 2 peal 
Bers.avusess,. . .| 17.18! 17.11}17. 0 16.49 49 (16.35 38] 16. 16.27 ‘16. 16 16, 4 15.58 15.41] 15.30 f° 
CANOPUS,.... « 17.52) 17.45] 17.34 17.23 17. ‘17.12 Bt aa 1 16.50 16.38 16.27 16.15} 16. 4| 
ESEREUB, 5) 5 “sy'a eae 18.10} 18. 3} 17.52] 17.41] 17.80] 17.19] 17. 8} 16.56) 16.45; 16.33} 16.22 
(OARTOR, . & ons 18.56) 18.49} 18.38} 18.27) 18.16] 18. 5) 17.54] 17.42) 17.31 17.19 Lhe. 31 
OT 6p 7} 19. 0} 18.49} 18.38} 18.27) 18.16) 18. 5) 17.53) 17.42) 17.30] 17.19 § 
BLUGUA, §«, 6.0. 6 mics 20.43) 20.36} 20.25) 20. 14 20. 3} 19.52) 19.41] 19.29) 19. 18 19. 6} 18.55 | 
TLEGULUS,, .... 21.82) 21.25) 21.14) 21. 3} 20.52) 20.41] 20.30) 20.18! 20. 7} 19,55} 19. 44 | 
oi ~, | 22.26 22.19) 22. 8 Qi, 57| 21.46] 21.35) 21.24] 21.12) 21. 1] 20.49} 20.38 § 
Cross, Foor Star, | 23.50} 23.43} 23.32} 23.21] 23.10) 22.59} 22.48} 22.36] 22.5 25 22,13) 22. 2.1 
os ae a ae 0.41} 0.30} 0.19] 0. 8] 23.57) 23.46] 23.34) 23.23] 23.11) 23. Of 
ARCTURUS,.... 1.33} 1.22) 1.11] 1. 0} 0.49) 0.38] 0.26 015 0. 3] 23.52 | 
IANTARES,, . . . 3.44) 3.33] 3.22) 3.11).3,.0) 2.49) 2.37). 2.26).2.14)" 2. 35 
er are 5.56) 5.45} 5.384, 5.23) 5.12) 5. 1] 4.49) 4.38) 4.26) 4.155 
PEPAIROU. . . sx 7. S| 6.57) 6.46] 6.35) 6.24) 6.13) 6. 1] 5.50} 5.38] 5.27] 
MAVONIS,, ... . 7.38] '7.27| 7.16) 7. 5) 6.54) 6.43) 6.381] 6.20) 6. 8! 5.57] 
is, 8. 7| 7.56} 7.45} 7.34} '7.23) 7.12) 7. 0} 6.49) 6.87] 6.26 
an 9.23] 9.12} 9. 1] 8.50} 8.39). 8.28] 8.16) 8. 5) 7.53! 7.42] 
Fomatnavr, ... 10.21 10.14) 10. 3) 9.52) 9.41) 9.30) 9.19) 9. 7] 8.56) 8.44) 8.33] 
Puaast,. DER griin. [10.29 10.22 10.11 10. 0} 9. 5) 9.38) 9:27) 9:15}. 9. 4)" 8.52 


S PRGASIA ei i.k 


| PezGasl, a a 6.29 6.21] 6. 7| 5.54] 5.41 


ert aa reer es ern ae See a ese Ne 


90 TABLE XVIII. 
FOR FINDING THE APPARENT TIME OF 24 OF THE PRINCIPAL STARS PASSING 
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NOVEMBER. 


g DAY DAY. DAY. DAY. DAY. DAY. DAY. DAY. DAY. DAY. DAY. 
hare 1 bse 92 | Sas 18) 1° 21 | ae 

j ul se) | ee) ee fo | oc] ee 

Porar Star,. . -| 10.41) 10.38) 10.21) 10. 9 9.57| 9.45) 9.32} 9.20) 9. 7] 8.54) 8.41 

Acnernar,. . « .{ 11. 7 10.59} 10.47} 10.35] 10.23] 10.11] 9.58] 9.46) 9.33 9.20) 9. 7 

ALDEBARAN, . . «| 14, 8) 18.55] 18.43] 13.31) 18.19) 13, 7 12.54) 12.42) 12.29) 12. 16 12. 3 
PRCCAPELUA, cys. 7200s 14.41] 14.33] 14.21) 14. 9} 13.57) 13.45] 13.52 18.20) 13. 7} 12.54] 12.41 

TRIG Ets ie erie ce 14.43] 14.35) 14.23] 14.11) 13.59) 13. 47 13.84} 13.22 ne 9 12. te 12.438 
BETELGUESE, «+ + 13.22 
| Canopus, Peet | ote 15.56 
LE SSIRTES, hie ee vote i] 14.14 
SEC ASTOR aa tee cee 15.50 
be POoLbUK Wes.) ote 17.11 17. 3 16. 51 16. 39 16. Ot 16. 15 16. 2 15.50) 15.387} 15.24) 15.11 
ABRGUS.-S beh fers ies 18.47} 18.39} 18. 27 18.15] 18. 3 LS INLTA 38 31 17. 26 17. 13 17. 0} 16.47 

REGULUS 17.36 
RQUBHE, (sel pifoise ve | 18.30 
1 Cross, root Star, 21,54] 21.46 7| 19.54 
LSPICA GS te ease 22.52) 22.44 22, 32 29, 20 29. 8 21. 56 ais as 21.31 21, 1S} 21. 5/20.52 
Anororus, . oe «| 23.44! 23.36} 23. 24 23.12] 23. 0] 22.48} 22.35] 22. - 22.10) 21. 4 21.44 
) ANTARES,.....~ 1:55) S47, 5 
SEV EGAY bo deetuae 4. 7| 3.59 
PATA TI? 2) sce Wes 5.19} 5.1] 
BU PAAVGNIB cima! « 5.49) 5.41 

CORON cishi/S)i0) S7e 6.11] 6. 3 

CAFOIB: (eae ris oe» 7.34| 7.26 


FoMALHAUT, . 


NAMES. 


Mj 4H. M. 


H. M.| oH. M| (H. HL M. is aragats H. H. M.}) 4. M. my mM 1. M. H,. M. 
| Porar Srar,. . .| 8.37] 8.29] 8.15] 8. 2) 7.49] 7.36) 7.23) 7. 9} 6.56) 6.43) 6.29] 
AcuERNAR,....| 9. 3} 8.55] 8.41] 8.28} 8.15} 8. 2} 7.49] 7.35] 7.22] 7. 9) 6.55 
ALDEBARAN, . 111.59] 11.51} 11.37| 11.24] 11.11] 10.58} 10.45] 10.81) 10.18) 10. 5) 9.51 
PECAPELLAGS (obeys 12.37} 12.29] 12.15} 12. 2} 11.49] 11.86) 11.23] 11. 9} 10.56) 10.45) 10.29 
PET OMLE are. 3 12.39] 12.31} 12.17] 12. 4) 11.51) 11.38) 11.25] 11.11) 10.58) 10.45) 10.31 
| Berevousse, . . . | 13.18) 13.10! 12.56 12.45 12.30} 12.17 12. 4} 11.50) 11.87] 11.24) 11.10 
i CaNOPUS,..... 13.52] 13.44] 13.30] 13.17 17 13. 4] 12.51] 12.38] 12.24] 12.11] 11.58} 11.44 
ffs Oe ee ee See 14.10] 14. 2] 13.48) 13.35} 18.22) 18. 9} 12.56) 12.42) 12.29) 12.16) 12. 2 


| CasToR, .....- 14.56) 14.48) 14.34 1421 14. 8} 13.55) 13.42) 13.28] 13.15} 13. 2) 12.48 
S PROULDSS As aes tous 15. 7) 14.59] 14.45] 14.32] 14.19) 14. 6} 13.53} 13.39) 13.26) 13.13) 12.59 
1 PARGUB S00) As 16.43} 16.35} 16.21) 16. 8} 15.55) 15.42) 15. 29 15.15} 15. 2) 14.49) 14.35 

ReGguLus, a. «1 17.32) 17.24) 17.1€ 10] 16.57] 16.44) 16.31 (16.18 18 ‘16. 4| 15. 51 15.38 ‘15.24 
VA POSHE! ss die lisyis & 18.26] 18.18] 18. 4] 17.51] 17.38 


Cross, root Star, | 19.50} 19.42) 19.28) 19.15) 19. 2 
MIPIOAS Mc ie rocis 20.48] 20.40} 20.26] 20.15} 20. 0 
Arcturus, . . . .| 21.40) 21.32) 21.18) 21. 5) 20.52 


ANTARES, . | 23.51] 23.43) 23.29] 23.16) 23. 3}: 
Vea, ae uchaeae 2. Sh Sd, L441) 21.28 e115 
PRI ATR ne ees: 3.15) 3. 7] 2.53] 2.40) 2.27 
PA YONI, F.4:0 hetn st. 3.45} 3.37) 3.23) 3.10] 2.57 
CPG is boos a 4. 7 3.59] 3.45) 3.32] 3.19 
ee ee 5.30} 5.22) 5. S| 4.55) 4.42 


FomaLHact, ...{ 6.21] 6.13] 5.59} 5.46] 5.33 
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TABLE XIX. 
PLACES OF 24 OF THE PRINCIPAL FIXED STARS, FOR THE YEAR 1854. 


NAME. ; RIGHT ASCENSION, |ANNUAL VAR] DECLINATION, |ANNUAL WAR. 


t 


; ¥ 8. o 

BOetTAR. ..!. | : 88 32N. 
PETE AES go oo. 0) ais : 2 57 59S. 
PEPRIRHARAN SG. ce ess 16 18 N. 
ROME MCE AR eo. iy. a) d 45) hie 
Ciiiea pet." Wile. Beata PS SIP 8 238. 
[Sy id (Rt eR a i eb 


s 
& 


ell eee eh oon le WS) 


(RENGEUS See ols) ss Lailereh's 52: 3758. 
PRIMA Ae aio: o's (ston var$ vd 5 16 318. 
OG eR ieee Rng See 382 12N. 
Tren aed oe ty clin’ aie teats : 28 22N. 
PRRAU GA Bh oh oh acs 2b) tithe ; 69 45. 
POeGUEUB i tos. ctof heer bcs 12 41 N. 


ad Ene? Bur pipers 62 32 N. 

Cross, Foot Star,.... 62 178. 
PIPIOAMM at aremeowser we. ts : 10 248. 
ROLURUG Toned iets oes 19 57 N, 
PU TATLEN GG oc rakes cyl « 26 6S. 
be Rae ES getty Bee eye 38 39 N. 


oe 


TAT R tee ua ae rd ol 8 2Q9N. 
PPAVONIS LIE fie cette eh cee : 57 1258. 
hs, Rae aeys Medians op 44 46N. 
oa te Cie 47 40S. 
OMALHAUT, ©.) ote jei's's.’e 22 4° 30 258. 
MEG RATS oe ted cleric bet ook f 14 2Q5N. 


Sign + means add. Sign — means subtract. 


TABLE XX. 


CORRECTION TO BE SUBTRACTED FROM THE OBSERVED ALTITUDE OF A FIXED 
STAR, OR A PLANET, TO FIND THE TRUE ALTITUDE. 


OD ee ee et 


ar ee 


Om me OO ee 


HEIGHT OF THE EYE ABOVE THE SEA BN FEET. 


TABLE XXI. 


TO FIND THE LATITUDE BY AN ALTITUDE OF THE POLAR STAR. 


When the Right As- 

cension of the Meri- 
dian is found in this 
column, the correction 
is Additive. 


} EXPLANATION OF THE TABLE, 
pide ae ee WHICH IS CALCULATED FOR THE YPAR 1854. 
‘tania found cin pais Enter the side column, with the Right Ascension 
of the Meridian and the Altitude of the Star at the 


column, the correction I ‘ 
is Subtractive. top, and at the angle of meeting will be the required 
correction. 


VARIATION OF THE 
CORRECTION IN 10 YEARS. 


APPARENT ALTITUDE OF THE POLAR STAR. 
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TABLE XXII. 


CORRECTION OF THE TIME OF THE MOON’S MERIDIAN PASSAGE, OVER THE 
MERIDIAN OF GREENWICH, TO THE TIME OF HER PASSAGE 
“OVER ANY OTHER MERIDIAN, 


& DAILY VARIATION OF THE MOON’S PASSING THE MERIDIAN. 


LONGITUDE, 


M M. M. M M M M. ; M M M M. M. M, 

40 | 42 | 44 | 46 | 48 | 50| 52 | 54] 56] 58] 60 | 62 | 64 | 66 
M M. M. M. M. M. M. M,. M. M. M. M, M. M. 
Olean MeO Ts OF 0 | 0.1 O80". Onl 0 OM 0. LUO taco 
1S GATT | bidet Piet 1 REN ue Ua Fal Waoey fa Dt Pe Ha 4] kr (pk An AN) 
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PA LS Leo eR i ONO IG 6 iL GRA COL mer tee Teh hey 
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Dey Hiey Pies .48 S| Roy Md maton Pero! |g 
oid RUARSied PMMA] OAC tl PO BR 10°) Teh tetee ie, ee 
DefawaedO i020) (20 1/11 12)| 12.184 sshd hie 

10 13 | 14 

‘1 15 | 15 

12 16 | 17 

13 

14 

15 

16 

17 

18 

19 


The Sums taken from this Table must be added to the time of the Moon’s Meridian Passage in the 
Nautical Almanac, in West Longitude, and subtracted in East, will give the Mean Time of her Meridian 
Passage at the Ship. 


TABLE XXIII. 
FOR REDUCING THE MOON’S DECLINATION TO THE GREENWICH TIME OF THE 
OBSERVATION. 
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TABLE XXIV. 


CORRECTION OF THE MOON’S SEMIDIAMETER, OR HORIZONTAL PARALLAX, FOR ANY 
GIVEN TIME BETWEEN NOON AND MIDNIGHT, OR OF THE SUN OR A PLANET'S 
DECLINATION FOR A GIVEN TIME FROM THE PREVEDING NOON, 


VARIATION OF THE )’S SEMIDIAMETER, OR HORIZONTAL PARALLAX, IN 12 HouRs. 


NOON OR 
MIDNIGHT. 
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VARIATION OF THE ©) OR PLANETS DECLINATION IN 24 HOURS. 


TIME AFTER 
TIME PAST 


Notge.—Enter this Table with the Time from Greenwich Noon or Midnight in the left side calms 

and the difference or change in the Semidiameter and Horizontal Parallax in 12 hours at the top, and at 

i the angle of meeting, will be the correction ; or, enter the right side of the Table with the Time from 
| Greenwich Noon, and the difference or change of the Sun or Planet's Declination, at the bottom, and at 
the angle of meeting, will be the correction, to be applied according as they are increasing or decreasing. 
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TABLE XXYV. 


CONTAINING THE CORRECTION FOR THE MOON’S PARALLAX IN ALTITUDE, GIVEN 
IN MINUTES AND TENTHS, WHICH IS ALWAYS ADDITIVE TO THE 
APPARENT ALTITUDE. ~ 


s HORIZONTAL PARALLAX. HORIZONTAL PARALLAX, 


= a a ee 
ee ne ee ee a 


Ap. ; 
Alt.| 54’ | 55/156’ | 57’ | 58’ | 59’ | 60’ | 617 JA! | 54’ | 55’ | 56’ | 57’ | 58’ | 59’ 


/ / / / / / / / / / , / / 


43°9| 44:9] 45:9) 46-9) 47-9] 48-9) 49-9)50°9 
5 | 45-2) 46°2| 47-2) 48-2) 49-2) 50°2) 51°2)52°2 
46°2| 47°2) 48°22) 49°2) 50°2) 51-2) 52.2/53°2 
46°9| 47-9] 48-9) 49-9) 50-9] 51-9} 52°9)53°9 
47-6) 48°6| 49°6) 506} 51-6) 52°6) 55°6/54°6 
47°9| 48°9| 49°8) 50°8) 51-8] 52°8) 53°8)54.8 


48°2| 49°2) 50:1) 51:1) 52-1] 53-1] 54°1/55-0 
48°4| 49°4) 50-4) 51-3) 52°3| 53°3) 54°2)55-2 
48°5| 49°5| 50°5) 51°4| 52:4] 538-4] 54°4/55°8 
48-6] 49°6| 50.5) 51°5} 52:5) 53-4! 54°4/55-4 
48°6| 49°6) 50-5) 51°5] 52°5) 53:4) 54°4/55-4 
}| 486) 49:5) 50-5) 51:5) 52-4) 53:4] 54°4/55°3 27°2| 27°8] 28:3] 28-6] 29:3} 29-6} 30°3)30°9 
48°5| 49°5| 50-4) 51:4) 52°3) 53-3) 54°3/55-2 26°5| 27:0} 27-5} 28-0) 28-5) 29-0} 29°5j/80°0 
48°4| 49°4) 50°3) 51°3} 52-2) 53-2) 54°1/55°1 25°7| 26°1] 26-6} 27:1) 27°6) 28-1] 286/29" 1 
48°3| 49°2) 50°2) 51-1] 52-1] 53-0] 53°9154-9 24°9| 25°3) 25-6} 26:3) 26°7| 27-2] 27:°7/28 "1 
48°]| 49:1) 50-0) 50-9) 51-9) 52-8) 53°8)54°7 24:0} 24°35} 24-9] 25:4) 25-9} 26°3) 26°8)27 2 
47°9| 48°9| 49-8] 50°7| 51°7) 52°6] 53°5)54°6 23 2| 23°7| 24:1] 24:5) 25-0) 25:4) 25:8)/26°3 
47°7| 48-6) 49°5) 50:5) 51-4) 52-3) 53°3)54-2 22°4| 22°8) 23-2] 23-7] 24°1) 24:5) 24°9/25°5 
47:4! 48:4) 49-3) 50°2) 51-1] 52-1} 53°0/53°9 | 66 | 21-5] 22-0) 22-4) 22-8} 23:2 24°0)24-4 
47:2} 48°1| 49-0) 49-9} 50-9] 51°8) 52°7/53°6 20°7} 21°1| 21-5) 21-9) 22-3) 22-7) 23°0)25°4 | 
46°9| 47°8| 48°7| 49-6} 50-5) 51-4) 52°3/52°2 19-9} 20-2) 20-6] 21-0) 21-4) 21-7) 22°1/22°5 
46°6| 47°5) 48°4) 49-3) 50-2} 51:1] 52-0/52°9 19-0) 19-4} 19°'7) 20-1} 20°4| 20-8} 21°1/20°5 
46°2| 47°1| 48-0) 48-9) 49-8) 50-7} 51°6/52°5 18:1) 18-5} 18°8} 19-2} 19-5) 19-8) 20°2)20°5 
45°9| 46°8| 47:6) 48-5) 49-4) 50-3) 51°2/52°1 17-3} 17-6} 17-9} 18-2) 18-6) 18-9] 19-2)19°5 | 


45°5| 46:4] 47:3] 48:1] 49-0] 49-9] 50-8151°6 16:4] 16-7] 17-0] 17°83] 17-6) 17°9 18-2)18°5 
45'1| 46:0] 468] 47-7] 48:6] 49-4] 50°3/51-2 15°5! 15-8} 16:1] 16-4] 16°7| 17-0, 17-3/17°6 | 
44°7| 45:6) 46-4) 47-3] 48-1] 49-0] 49-9!50-7 14°6] 14-9] 15-2] 15-4] 15-7) 16-0) 16°3/16°5 
44:3] 45:1] 45-9] 46-8] 47-7] 48-5] 49-4/50-2 13°7| 14:0] 14-2] 14:5] 14-8) 15-0] 15-3/15-2 
43°8| 44°7| 45-5] 46-3] 47-2] 48-0) 48-9149-7 | 76 | 12-8] 13-1] 13-3] 13-5] 13-8} 14-0} 14°3/14°5 f 
43°4| 44-2) 45-0] 45-8] 46:7] 47-5] 48°3/49-2 11-9} 12-2] 12-4] 12-6] 12-8) 13:1] 13-3]13°5 § 
43-0] 43°7| 44-5] 45:3] 46:1] 46-9] 47-8148-6 11-0} 11-2} 11-4] 11°7] 11-9} 12-1} 12°3)/12°5 | 
42:3} 43'2| 43-9] 44:8] 45:6] 46-4] 47-2/48-0 10-1] 10-3] 10-5] 10-7] 10-9) 11-1] 11°3/11°5 | 
41-9] 42°7| 43-5] 44°83] 45:1] 45-9] 46°S147°5 9:2] 9:4} 9-6} 9:7] 9-9] 10-1] 10°3)10°4 
3] 41-3} 42:1] 42-9] 43-7] 44-5] 45-3] 46°1/46-9 
40°8] 41-6] 42:3] 43-1] 43-9] 44-7] 45-4146-2 
40:2) 41-0) 41-8} 42:5} 43:3] 44-1] 44°8/45-6 


ed a Pe 


39°7| 40-4) 41-2| 41-9} 42-7] 43-4] 44-2/44-9 56] 57] 5:8] 5-9 61] 6-2] 63 
39°1| 39-8) 40-6] 41-3] 42-0] 42:8] 43-5/44°3 46] 4:7] 4:81 4-9 511] 5:2] 53 
38:5] 39-2) 39-9] 40-7| 41-4| 42-1 42-9]43-6 3:7] 3:8] 3-8] 3-9 4:0} 4:1] 42 
37-9| 38-6) 39-3] 40-1] 40:7] 41:5] 42-2)49-9 28] 28} 2-9] 2-9 8:0] 3:1] 3:1 
37:2] 37-9] 38-6] 39-4] 40-1] 40-8] 41-5/42-2 1-9 1-9] 1:9} 2-0 2-0] 21] 21 
366] 37-3] 38-0] 38-7] 39-4] 40-1] 40-8/41-5 0-9] 0-9] 1-0] 1-0 1-0} 1-0} 1-0 
27 $5'9| 36°61 87°3] 38°0] 38°71 39-4 40-0;40°7] 90} 0°0|_0°0|_ 0-0] 0-0 0°00 


Enter this Table with the Apparent Altitude at the side, and the Horizontal Parallax at the top, and 


at the angle of meeting will be the required correction; and if Seconds b ired, multiply the 
Tenths by 6 will give Seconds. 7 Nir gark Sey aoe a Ply 
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*TABLE XXVI. [Page 97. 
TO TURN DEGREES INTO TIME, OR, TIME INTO DEGREES. 


Minutes 
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Time Seconds 
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4 Degrees.| ——— Time. 
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“TABLE XXVIl.. 


38g 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 
LATITUDE, OR POLAR DISTANCE. SECANT. 
M.| 0 or 90/1 . 91 2. 923 . 93 |4 . 945 . 95 [6 . 96 
0 | 0 00000 | 90007 | 00026 | oo060 | 00106 | 00166 | 00239 
1 00000 | 00007 | 00027 | 00060 | 00107 | 00167 | 00240 | 00326 
2 00000 | 00007 | 00027 | 00061 | 00108 | 00168 | 00241 
3 00000 | 00007 | 00028 | 00062 | 00198 | 00169 | 00243 
4 00000 | 00008 | 00028 | 00062 | 00109 | 00170 | 00244 | 00331 
| 5 | 0.00000 | 00008 | 00029 | 00063 | 00110 | 00171 | 00245 
1 6 00000 | 00008 | 00029 | 00064 | 00111 | 00172 | 90247 
“ 00000 | 00008 | 00030 | 00064 | 00112 | 00173 | 90248 
38 00000 | 00008 | 00030 | 00065 | 00113 | 00175 | 002949 
9 00000 | 00009 | 00031 | 00066 | 00114 | 00176 00251 
10 00000 | 00009 | 00031 | 00066 | 00115 | 00177 | 00252 
mel 00000 | 00009 | 00032 | 00067 | 00116 | 00178 | 90253 
12 00000 | 00010 | 00032 | 00068 | 00117 | 00179 | 90255 
13 00000 | 00010 | 00033 | 00068 | 00118 | 00180 | 90256 
14 00000 | 00010 | 00033 | 00069 | 00119 | 00181 | 00258 
15 00000 | 00010 | 00033 | 0997 00120 | 00183 | 00259 
00000 | 00011 | 00034 | 00071 | 00121 | 00184 | go260 
00001 | 00011 | 00034 | 00971 | 00121 | 00185 | 00262 
00001 | 00011 | 00035 | 00072 | 00122 | 00186 | 90263 
00001 | 00011 | 00036 | 00073 00123 00187 | 00264 
0.00001 | 00012 | 00036 | 00074 | 00124 | 90188 | 00266 
00001 | 00012 | 00037 | 00074 | 09125 | 00190 | 00267 
00001 | 00012 | 00037 | 00075 | 00126 | 00191 | 00269 
00001 | 00013 | 00038 | 00076 | 00127 | 00192 | 00270 
00001 | 00013 | 00038 00077 | 00128 | 00193 | 00272 
00001 | 00013 | 00039 | 00077 | 00129 | 00194 | 00273 
00001 | 00014 | 00039 | 00078 | 00130 | 00196 | 00974 
00001 | 00014 | 00040 | 00079 | 00131 | 00197 | 00976 
00001 | 00014 | 00040 | 00080 | 00132 | 00198 | 00977 
00002 | 00015 | 00041 | 00080 | 00133 | 00199 | go279 00478 
f 30 | 0.00002 | 00015 | 00041 | 00081 | 00134 | 00200 | 00280 00480 | 00600 
1 31 00002 | 00015 | 00042 | 00082 | 00135 | 00202 | 00282 00482 | 00602 
32 00002 | 00016 | 00042 | 00083 | 00136 | 00203 | 00283 00483 | 00604 
1 33 00002 | 00016 | 00043 | 00083 | 00137 | 00204 | 00284 00485 |- 00606 
34 00002 | 00016 | 00044 | 00084 | 00138 | 00205 | 00286 00487 00608 — 
35 | 0.00002 | 00017 | 00044 | 00085 | 00139 | 00207 | 00287 00489 | 00610 
| 36 00002 | 00017 | 00045 | 00086 | 00140 | 00208 | 00289 00491 | 00612 
37 00003 | 00017 | 00045 | 00087 | 00141 | 00209 | 00290 00493 | 00615 
1 38 00003 | 00018 | 00046 | 00087 | 00142 | 00210 | 00292 00495 | 00617 
5 39 00003 | 00018 | 00046 | 00088 | 00143 | 00212 | 00293 00497 | 00619 
40 | 0.00003 | 00018 | 00047 | 00089 | 00144 | 00213 | 00295 | 00390 | 00499 | 00621 
H Al 00003 | 00019 | 00048 | 00090 | 00145 | 00214 | 90296 00392 | 00501 | 00623 
i 42 00003 | 00019 | 00048 | 00091 | 00146 | 00215 | 00298 006393 | 00503 | 00625 
1 43 00003 | 00019 | 00049 | 00091 | 00147 | 00217 | 00299 | 00395 | 00505 | 00628 
44 00004 | 00020 | 00049 | 00092 | 00148 | 00218 | 00301 00397 | 00506 | 00630 
45 | 0.00004 | 09020 | 00050 | 00093 | 00149 | 00219 | 00302 00399 | 00508 | 00632 
46 00004 | 00021 | 00051 | 00094 | 00150 | 00220 | 00304 00400 | 00510-| 00634 
47 00004 | 00021 | 00051 | 00095 | 00152 | 00222 | 00305 00402 | 00512 | 00636 
48 00004 | 00021 | 00052 | 09026 | 00153 | 00223 | 00307 00404 | 00514 | 00638 
49 00004 | 00022 | 00052 | 00096 | 00154 | 00224 | 00308 00405 00641 
50 | 0.00005 | 00022 | 00053 | 00097 | 00155 | 00225 | 00310 00407 00643 
51 00005 | 00023 | 00054 | 00098 | 00156 | 00227 | 00311 | oo409 | 00520 | 00645 
52 00005 | 00023 | 00054 | 00099 | 00157 | 00228 | 00313 00411 | 00522 | 00647 
53 00005 | 00023 | 00055 | 00100 | 00158 | 00229 | 00314 00412 | 00524 | 00649. 
54 00005 | 00024 | 00056 | 00101 | 00159 | 00231 | 00316 00414 | 00526 | 00652 
f 55 | 0 00006 | 00024 | 00056 | 00102 00160 | 00232 | 00317 00528 | 00654 
| 56 00006 | 00025 | 00057 | 00102 | 00161 00233 | 00319 00530 | 00656 
57 00006 | 00025 | 00058 | 00103 | 00162 00235 | 00320 00532 | 00658 
58 00006 | 00026 | 00058 | 00104 00163 | 00236 | 00322 00534 | 00660 
59 00006 | 00026 | 00059 | 00105 00164 | 00237 | 00323 00536 | 00663 
60 00006 00026 00060 | 00106 | 00165 | 002389 | 00325 00538 | 00665 
ee fi | OSS ce eee ar 11 SB 84° gar gi° | 80° 
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POLAR DISTANCE, CO-SECANT. 
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TABLE XXVII. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 
LATITUDE, OR POLAR DISTANCE. 


a 


POLAR DISTANCE. 


° 


° 
16.106 


01716 
01719 
01723 
01727 
01730 


01734 
01738 


01741: 


01745 


01748 


01845 


01849 
01853 
01856 
01860 


01864 


01868 
01871 
01875 
01879 


01883 
01887 
01890 
01894 
01898 


01902 
01906 
01910 
01913 


01917 


01921 
01925 
01929 
01933 
01937 
01940 


73° 


o 1) [e) ° to} °o oO ° oO oO ° °o 

M. |10 or 100 |11.101 |12.102 |13.103 114.104 |15.105 
f 0 | 0.00665 | 00805 | 00960 | 01128 | 01310 
ae 00667 | 00808 | 00962 | 01131 | 01313 
2 00669 | 00810 | 00965 | 01133 | 01316 
3 00672 | 00813 | 00968 | 01136 | 01319 
a 4 00674 | 00815 01322 
f 5 | 0.00676 | 00818 01325 
6 00678 | 00820 | 00976 | 01145 | 01329 
m 00681 | 00823 | 00978 | 01148 | 01332 
8 00683 | 00825 | 00981 | 01151 | 01335 
9} 00685 | 00828 | 00984 | 01154 | 01338 
10 | 0.00687 | 00830 | 00987 | 01157 | 01341 
Bel 00630 | 00833 | 00989 | 01160 | 01344 
1 12 00632 | 00835 | 00992 | 01163 | 01348 
13 00694 | 00838 | 00995 | 01166 | 01351 
14 | 00696 | 00840 | 00998 | 01169 | 01354 
15 | 0.0699 | 00843 | 01000 | 01172 | 01357 
16 00701 | 00845 | 01003 | 01175 | 01360 
117 | - 00703 | 00848 | 01006 | 01178 | 01364 
18 00706 | 00850 | 01009 | 01181 | 01367 
19 | 00708 | 00853 | 01011 | 01184 | 01370 
20 | 0.00710 | 00855 | 01014 | 01187 | 01373 
21 00712 | 00858 | 01017 | 01190 | 01377 
22 | - 00715 | 00860 | 01020 | 01193 | 01380 
8 23 00717 | 00863 | 01022 | 01196 | 01383 
| 24 00719 | 00865 | 01025 | 01199 | 01386 
1 25 | 0.00722 | 00868 | o1028 | 01202 | 01390 
1 264) ’ 00724 | 00870 | 91031 | 01205 | 01393 
| 27 00726 | 00873 | 01033 | 01208 | 01396 
1 28 00729 | 00876 | 01036 | 01211 | 01399 
29 00731 | 00878 | 01039 | 01214 | 01403 
30 | 0 00733 | 00881 | 01042 | 01217 | 01406 
1 31 00736 | 00883 | 01045 | 01220 | 01409 
32 00738 | 00886 | 01047 | 01223 | 01412 
33 | 00740 | 00888 | 01050 | 01226 | 01416 
34 | 00743 | 00891 | 01053 | 01229 | 01419 
35 | 0.00745 | 00894 | 01056 | 01232 | 01422 
36 00748 | 00896 | 01059 | 01235 | 01426 
37 00750 | 00899 | 01062 | 01238 | 01429 
38 00752 | 00901 | 01064 | 01241 | 01432 
39 00755 | 00904 | 01067 | 01244 | 01435 
40 | 0.00757 | 00907.| 6.070 | 01247 | 01439 
41 00759 | 00909 | 01073 | 01250 | 01442 
| 42 00762 | 00912 | 01076 | 01254 | 01445 
43 00764 | 00914 | 01079 | 01257 | 01449 
44 00767 | 00917 | 01081 | 01260 | 01452 
0.00769 | 00920 | 01084 | 01263 | 01455 
00771 | 00922 | 01087 | 01266 | 01459 
00774 | 00925 | 01090 | 01269 | 01462. 
00776 | 00928 | 01093 | 01272 | 01465 
00779 | 00930 | 01096 | 01275 | 01469 
0.00781 | 00933 | 01099 | 01278 | 01472 
00783 | 00936 | 01102 | 01281 | 01475 
00786 | 00938 | 01104 | 01285 | 01479 
00788 | 00941 | 011°7 | 01288 | 01482 
00791 | 00944 | 011140 | 01291 | 01485 
00793 | 00946 | 01113 | 01294 | 01489 
00796 | 00949 | 01116 | 01297 | 01492 
00798 | 00952 | 01119 | 01300 | 01495 
00800 | 00954 | 01122 | 01303 | 01499 
00803 | 00957 | 01125 | 01306 | 01502 

00805 | 00960 | 01128 | 01310 | 01506 | 01716 

79° 78% (as 76° 75° 74° 


a So 
17.107 


01940 
01944 
01948 
01952 
01956 


01960 
01964 
01968 
01971 
01975 


01979 


01983 
01987 
01991 


01995 


01999 
02003 
02007 
02011 
02014 


02018 
02022 
02026 
02030 


02034 


02038 
02042 
02046 
02050 


02058 
02062 
02066 
02070 
02074 


02078 
02082 
02086 
02090 


02094 


02098 
02102 
02106 
02110 


02114 


02118 
02122 
02126 
02130 


02134 


02054 


oO ° 


02179 
02183 
02188 
02192 


02196 


02200 
02204 
02208 
02212 


02216 


02221 
02225 
02229 
02233 
02237 


02241 
02246 
02250 
02254 


02258 


02262 
02266 
02271 
02275 
02279 


02283 


02287 
02292 
02296 


02300 


02304 
02309 
02313 
02317 


02321 


02326 
02330 
02334 
02338 


02343 


02347 
02351 
02355 
02360 


02364 


02368 
02372 
02377 
02381 


02385 


02390 
02394 
02398 
02403 


_02407— 


02411 


99 


SECANT. 


o °o 
19.109 


02433 
02437 
02442 
02446 
02450 


02455 
02459 
02464 
02468 
02472 


02477 
02481 
02485 
02490 
02494 


02499 
02503 
02508 
02512 
02516 


02521 
02525 
02530 
02534 
02539 


02543 
02547 
02552 
02556 
02561 


02565 
02570 
02574 
02579 
02583 


02588 
02592 
02597 
02601 
02606 


02610 
02615 
02619 
02624 
02628 


02633 
02637 
02642 
02647 
02651 


02656 
02660 
02665 
02669 
02674 
02678 
02683 
02688 
02692 
02697 
92701 


70° 


a 


; CO-SECANT?. 


TABLE XXVII. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 
LATITUDE, OR POLAR DISTANCE. SECAN'. 


: ie) ° re) °o °o ° @) °o 
a M. |20 or 110 |21.111 27 117 |28.118 
0.02701 | 02985 05012 
02706 | 02990 : d 05018 
02711 | 02995 : : \ 05025 
02715 | 02999 ¢ 05031. 

02720 | 03004 9: 96 | 04659 | 05038 


0.02724 | 0300) 
02729 | 03014 
02734 | 03019 
02738 | 03024 
02743 | 03029 


0.02748 | 03034 3: 362 03983 | 04332 
03038 03989 | 04337 
03043 é 1 03995 | 04343 
03048 04000 | 04349 
03053 04006 | 04355 


03058 04012 | 04361 05109 | 05508 
03063 : 04018 | 04367 05115 | 05515 
03068 F 04023 | 04373 05122 | 05521 
03073 : 04029 | 04379 05129 | 05528 
03078 04035 | 04385 05535 

0.02794 | 03083 04040 | 04391 05142 | 05542 

02799 | 03088 : 04046 | 04397 

02804 | 03093 33¢ ‘ 04052 | 04403 

02808 | 03097 04058 | 04409 

02813 | 03102 ; 04063 | 04415 


03112 03738 | 04075 | 04427 05181 | 05583 
03117 03744 | 04080 | 04439 05187 | 05590 
03122 03749 | 04086 | 04439 05194 | 05596 
03127 03755 | 04092 | 04445 05201 | 05603 


06002 
06009 
06016 
06023 


a 


06030 
06037 
06045 
06052 
06059 


06066 
06073 
06080 
06088 
06095 


06102 
06109 
06116 


03132 03760 | 04098 48% 05207 | 05610 

f 3 02846 | 03137 03766 | 04103 05214 | 05617 
32 02851 | 03142 é 03771 | 04109 05220 | 05624 
33 02855 | 03147 03777 | 04115 05227 | 05631 
34 02860 | 03152 03782 | 04121 05233 | 05638 


1 35 | 0.02865 | 03157 03788 | 04127— 05240 | 05645 
02870 | 03162 | 03470 | 03793 | 04132 05247 | 05651 
02874 | 03167 03799 | 04138 05253 | 05658 
02879 | 03172 03804 | 04144 05260 | 05665 
02884 | 03177 03810 | 04150 05266 | 05672 


0.02889 | 03182 | 0: 03815 | 04156 | 04512 05273 
02893 | 03187 03821 | 04161 | 04518 05280 
02898 | 03192 03826 | 04167 | 04524 05286 
02903 | 03197 | 0. 03832 | 04173 | 04530 05293 06124 
02908 | 03202 03838 | 04179 | 04536 05300 06131 


0.02913 | 03207 03843 | 04185 | 04542 06138 
02917 | 03212 | 0: 03849 04548 06145 
02922 | 03217 03854 5 | 04554 06153 
02927 | 03222 03860 04560 ‘ 06160 

03228 03865 04566 06167 


06174 
02941 06181 


02946 ‘ 06189 


02951 06196 
__ 02956 — 06203 
0.02961 06211 

02965 

02970 

02975 

02980: 

02985 


| 25 | 0.02818 | 03107 03733 | 04069 | 04421 05174 | 05576 


POLAR DISTANCE. CO-SECANT, 


_ [| FO SO | Yee Ties Gee Ach 


° 


y 


O° 
30 or 120 
0. 


06247 
06254 
06262 
06269 


06276 


oO 


06235 


06291 
06298 
06305 
06313 


. 06320 


06327 
06335 
06342 
06350 


.06357 


06364 
06372 
06379 
06386 


.06394 


06401 
06409 
06416 


06423 


—) 


06648 
.06656 


06431 


06438 
06446 
06453 
06461 


.06468 


06475 
06483 
06490 


| 06498 
.06505 


06513 
06520 
06528 


06610 


.06618 


06625 
06633 
06640 


06663 
06671 
06678 
06686 


06693 


a 


° ° 


31.121 


06693 
06701 
06709 
06716 


06724 


06731 
06739 
06747 
06754 
06762 
06770 
06777 
06785 
06793 


06800 


06808 


06869 


06877 


06885 
06892 
06900 
06908 
06916 


06923 
06931 
06939 
06947 


06954 


06962 
06970 
06978 
06986 


06993 


07001 
07009 
07017 
07024 
07032 


07040 
07048 
07056 
07064 
07071 


07079 


07087 
07095 
07103 
07111 


07119 


07126 
07134 
07142 
07150 


07158 


58° 


TABLE XXVII. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 


LATITUDE, OR POLAR DISTANCE. 


° ° 


07641 
07649 
07657 
07665 


07682 
07690 
07698 
07707 
07715 


07723 
07734 
07740 
07748 
07756 


07765 
07773 
07781 
07789 


07806 
07814 
07823 
07831 


07848 
07856 
07864 
07873 
07881 


07898 
07906 
07914 


07931 
07940 
07948 
07956 


07973 
07982 
07990 
07998 
08007 


08015 
08024 
08032 
08041 
08049 


08058 
08066 
08075 
08084 
08092 


08109 
08117 
08126 
08134 


56° 


abi 


07798 


07839 


07889 


07923 


07965 


N8109 


08143 


° ° 


33.123 |34.124 
08143 


08151 
08160 
08168 
08177 


08185 


08194 
08202 
08211 
08219 


ee 


08228 
08237 
08245 
08254 
08262 


08271 
08280 
08288 
08297 


08305 


08314 
08323 
08331 
08340 


08349 


08357 
08366 
08375 
08383 


08392 


08401 
08409 
08418 
08427 


08435 


08444 
08453 
08462 
08470 


08479 


08488 
08496 
08505 
08514 
08523 


08531 
08540 
08549 
08558 
08567 


08575 
08584 
08593 
08602 
08611 


08619 
08628 
08637 
08646 
08655 


08664 


ated 


979) 


08977 
08986 
08995 


09004, 
09013 


09022 
09031 
09040 
09049 
09058 


09067 
09076 
09085 
09094 


09113 
09122 
09131 
09140 
09149 


09158 
09168 
09177 
09186 
09195 
09204 


54° 


POLAR DISTANCE, 


09104 


ce) 


° ° ° 
35.125 |36.126 


09204 
09213 
09223 
09232 
09241 


09250 
09259 
09269 
09278 


09287 


09296 
09306 
09315 
09324 
09333 


09343 
09352 
09361 
09370 
09380 
09389 
09398 
09408 
09417 
09426 


09435 


09445 
09454 
09463 


09473 


09482 
09491 
09501 
09510 
09520 


09529 


09538 
09548 
09557 
09566 


———————— | sf | | 


SECANT 


_ | | | Orr 


11156 
11166 
11176 
11187 
11197 


11207 
11218 
11228 
11239 

11249 


11259 
11270 
11280 
11291 
11301 


11312 
11322 
11332 
11343 
11353 


11364 
11374 
11385 
11395 
11406 


11416 
11427 
11437 
11448 
11458 


11469 
11479 
11490 8 | 
11501 
11511 


11522 
11532 
11543 
11553 
11564 
11575 


50° 


CO-SECANT, | 


| 
| 


102 


° °o re) ° 
i M. |40 or 130 Freer 


—_$ | |] | - 
De ceed ey 


° oO 


i O | 0.11575 | 12222 | 12893 
foal 11585 | 12233 | 12904 
2 11596 | 12244 | 12915 
3 11606 | 12255 | 12927 
4 11617 | 12266 | 12938 
5 %.11628 | 12277 | 12950 
6 11638 | 12288 | 12961 
Be 11649 | 12299 | 12972 
i 8 11660 | 12310 | 12934 
1 9 11670-| 12321 | 12995 
110 | 0.11681 | 12332 | 13007 
11 11692 | 12343 | 13018 
12 11702 | 12354 | 13030 
13 11713 | 12365 | 13041 
14 11724 | 12376 | 13053 
15 | 0.11734 | 12387 | 13064 
16 11745 | 12399 | 13076 
17 11756 | 12410 | 13087 
18 11766 | 12421 | 13098 
19 11777 | 12432 | 13110 
0.11788 | 12443 | 13191 
11799 | 12454 | 13133 
11809 | 12465 | 13145 
11820 | 12476 | 13156 
11831 | 12487 | 13168 
0.11842 | 12499 | 13179 
11852 | 12510 | 13191 
11863 | 12521 | 13202 
11874 | 12532 | 13914 
11885 | 12543 | 13295 
0.11895 | 12554 | 13237 
11906 | 12566 | 13248 
11917 | 12577 | 13260 
11928 | 12588 | 13272 
11939 | 12599 | 13983 
0.11949 | 12610 | 13295 
11960 | 12622 | 13306 
11971 | 12633 | 13318 
11982 | 12644 | 13330 
11993 | 12655 | 13341 
0.12004 | 12666 | 13353 
12015 | 12678 | 13365 
12025 | 12689 | 13376 
12036 | 12700 | 13388 
12047 | 12712 | 13400 
0.12058 | 12723 | 13411 
12069 | 12734 | 13423 
12080 | 12745 | 13435 
12091 | 12757 | 13446 
¢ 12102 | 12768 | 13458 
50 | 0.12113 | 12779 | 13470 
51 12193 | 12791 | 13482 
52 | 12134 | 12802 | 13493 
953! 19145 | 12813 | 13505 
Pot | izise | 12245 | 13517 
55 | 0 12167 | 12836 | 13528 
56| 19:78 | 1est7 | 13540 
57 1218) | 12859 | 13552 
58 12200 | 12870 | 13564 
59 + 12211 | 12881 | 13575 
60 | 12222 | 12893 | 13587 
. 49° 48° 47° 


TABLE XXVII. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 


LATITUDE, OR POLAR DISTANCE. 


fe) ° 


co 


°o 
42.132 |43.133 [44.134 


13587 
13599 
13611 
13623 
13634 


13646 
13658 
13670 
13682 


13694 


14307 
14319 
14331 
14343 
14355 


14368 
14380 
14392 
14404 


14429 
14441 
14453 
14466 


14490 
14503 
14515 
14527 


14540 


14552 
14564 
14577 
14589 


14614 
14626 
14639 
14651 
14663 


14676 


14688 
14701 
14713 


14738 
14750 
14763 
14775 


14800 
14813 
14825 
14838 


14850 


14863 
14875 
14888 
14900 
14913 


14926 
14938 
14951 
14963 


14976 


14417 


14478 


14601 


14726 


46.136 47.137 [48.138 |49 .139 


POLAR DISTANCE, 


fe) oO 


17073 
17087 
17101 
17115 
17128 
17142 
17156 


17170 
17184 
17198 
17212 
17225 


17239 
17253 
17267 
17281 


17295 


17309 
17323 
17337 
17351 


17365 


17379 


oO °o °o ° 
45.135 
15051 | 15823 
15064 | 15836 
15077 | 15849 
15089 | 15862 
151028 | 15875 
15115 | 15888 
15127 | 15901 
15140 | 15915 
15153 | 15928 
15165 | 15941 
15178 | 15954 
15191 | 15967 
15204 | 15980 
15216 | 15994 
15229 | 16007 
15242 | 16020 
15255 | 16033 
15267 | 16046 
15280 | 16060 
15293 | 16073 
15306 | 16086 
15318 | 16099 
1533 los G113 
15344 | 16126 
15357 | 16139 
15370 | 16152 
15382 | 16166 
15395 | 16179 
15408 | 16192 
15421 | 16205 
15434 | 16219 
15447 | 16232 
15460 | 16245 
15472 | 16259 
15485 | 16272 
15498 | 16285 
15511 | 16299 
15524 | 16312 
15537 | 16326 
15550 | 16339 
15563 | 16352 
15576 | 16366 
15589 | 16379 
15602 | 16392 
15615 | 16406 
15627 | 16419 
15640 | 16433 
15653 | 16446 
15666 | 16460 
15679 | 16473 
15692 | 16487 
15705 | 16500 
15718 |} 16514 
15731 | 16527 
15745 | 16541 
15758 | 16554 
15771 | 16568 
15784 | 16581 
15797 | 16595 
15810 | 16608 
15823 | 16622 
44° 43° 


°o ° 


17449 
17463 
17477 
17491 


17505 


17519 
17533 
17547 
17561 


17576 


17590 
17604 
17618 
17632 
17646 


17660 
17674 
17689 
17703 


17717 


17731 
17745 
17760 
17774 


17788 
17802 


17816 
17831 
17845 


17859 


17874 
17888 
17902 
17916 


17931 


17945 
17959 
17974 
17988 
18002 


18017 
18031 
18045 
18060 
18074 


SECANT. 


o u 


18306 
18320 
18335 
18349 | 
18364 


18746 
18760 
18775 
18790 
18805 


18820 
18834 
18849 
18864 
18879 
18894 
18909 
18924 
18939 
18954 


18968 
18983 | 
18998 
19013 
19028 


CO-SECANT, 


& 


TABLE XXVIL. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 


LATITUDE. SECANT. 


°o °o Co ° 
54 55 56 Ey sted 
22054 | 23078 | 24141 | 25244 | 26389 
22070 | 23096 | 24159 | 25263 | 26409 
22087 | 23113 | 24177 | 25281 | 26428 
22104 | 23130 | 24195 | 25300 | 26448 
23148 | 24213 | 25319 | 26467 


23165 | 24231 | 25338 | 26487 
24249 | 25356 | 26506 
24267 | 25375 | 26526 
24286 | 25394 | 26545 

24304 |.25413 | 26565 


24322 | 25432 | 26584 
24346 | 25451 | 26604 
24358 | 25469 | 26623 
24376 | 25488 | 26643 
24395 | 25507 | 26663 
24413 | 25526 | 26682 
24431 | 25545 | 26702 
24449 | 95564 | 26722 
24467 | 25583 | 26741 
24486 | 25602 | 26761 


24504 | 25621 | 26781 
24522 | 25640 | 26800 
24541 | 25659 | 26820 
24559 | 25678 | 26840 
24577 | 25697 | 26860 
24595 | 25716 | 26879 


° 
58 59 
27579 | 28816 
27599 | 28837 
27619 | 28858 
27640 | 28879 
27660 | 28900 


0.19193 | 20113 
19208 | 20128 
19223 | 20144 
19238 | 20160 
19254 | 20175 


0.19269 | 20191 
19284 | 20207 
19299 | 20222 
19314 | 20238 
19329 | 20254 


10 | 0.19344 | 20269 
f 11 19359 | 20285 

12 

13 


19374 | 20301 


| 19390 | 20316 
144 19405 | 20332 
f 15 | 0.19420 | 20348 
16 19435 | 20364 
17 19450 | 20379 
18 19466 | 20395 
}19 } 19481 | 20411 


| 20 | 0.19496 | 20427 
21 19511 | 20442 
22 | 19527 | 20458 
23 | 19542 | 20474 
124 | 19557 | 20490 


25 0.19572 20506 


22391 
22408 
22425 
22442 

22459 
22476 


| 26 19588 | 20522 22493 24614 | 95735 | 26899 
27 19603 | 20537 22510 24632 | 95754 | 26919 
y 28 19618 | 20553 22257 24650 | 95773 | 26939 


19634 | 20569 


0.19649 | 20585 
19664 | 20601 


22544 


22561 
22578 


24669 


24687 
24706 


95792 | 26959 


25811 | 26978 
25830 | 26998 


19680 | 20617 22595 24724 | 95849 | 27018 
19695 | 20633 22613 24742 | 25868 | 27038 
19710 | 20649 |_22630 24761 | 95897 | 27058 


22647 
22664 
22681 
22698 
22715 


24779 
24798 
24816 
24835 
24853 


0.19726 | 20665 
19741 | 20681 
19756 | 20696 
19772 | 20712 | 
19787 | 20728 


0.19803 | 20744 


95907 | 27078 
25926 | 27098 
95945 | 27117 
95964 | 27137 

25983 | 27157 


24872 | 96003 | 27177 

19818 | 20760 24890 | 96099 | 27197 
19834 | 20776 24909 | 96041 | 27217 
19849 | 20792 24927 | 96060 | 27237 
19864 | 20808 ° 24946 | 96079 | 27257 
0.19880 | 20824 24964 | 96099 | 27277 
19895 | 20840 24983 | 96118 | 27297 
19911 | 20856 25001 | 26137 | 27317 
19926 | 20872 25020 | 96157 | 27337 
19942 | 20889 25039 | 96176 | 27350 


0.19957 | 20905 
19973 | 20921 
19988 | 20937 
20004 | 20953 
20019 | 20969 


——— 
— | | | 


0.20035 | 20985 
20050 | 21001 


25057 
25076 
25094 
25113 
25132 


25150 
25169 


26195 | 27378 
26215 | 27398 
26234 | 27418 
26253 | 27438 
26273 | 27458 


26292 | 27478 
26311 | 27498 


20066 | 21017 25188 | 26331 | 27518 
20082 | 21033 25206 | 26350 | 27539 
20097 | 21050 25225 | 26370 | 27559 
20113 | 21066 25244 | 26389 | 27579 


38° 


ry 


POLAR DISTANCE. CO-SECANT. 


a a = 
NK OLSON OU! PP WNEH CO]? 


13 


104 


° 
69 


0.30103 


30125 
30147 
30169 
30191 


0.30213 
30235 
30257 
30279 
30301 


| 0.30323 


30345 
30367 
3038) 
30411 


0.30433 


30455 
30477 
30499 
30521 


0.30544 


30566 
30588 
30610 
30632 


0.30655 


30677 
30699 
30721 
30744 


0.30766 


30788 
ae 
833 


30856 


0.30878 


30900 
30923 
30945 
30968 


0.30990 


31013 
31035 
31058 
31080 


31443 


TABLE XXVIL. 


LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 


o 
62 
32839 
32863 
32887 
32910 
32934 
32958 
32982 
33006 
33030 
33054 


°o 
51% 
31443 
31466 
31488 
31511 
31534 


31557 
31580 
31603 
31626 


34320 
34345 
34370 


34420 
34444 
34469 
34494 
34519 


| OO "kl OT" | I ——— — Sf | 


31672 
31695 
31718 
31740 
31763 


31787 
31810 
31833 
31856 
31879 


31902 
31925 
31948 
31971 
31994 


32018 
32041 
32064 - 
32087 
32110 


32134 
32157 
32180 
32204 
32227 


32250 
32274 
32297 
32320 
32344 | ; 


32367 
32391 
32414 
32438 
32461 


34544 
34569 
34594 
34619 
34544 


34669 
34694 
34719 
34745 


34795 
34820 
34845 
34870 


34921 
34946 
34971 
34997 
35022 
35047 
35073 
35098 
35123 
35149 


35200 
35225 
35251 


35302 
35327 
35353 
35378 
35404 


32485 
32508 
32532 
32555 
32579 


32602 
32626 
32650 
32673 
32697 
32720 
32744 
32768 
32792 
32815 

32839 


28° 


35429 
35455 
35481 
35506 
35532 


35558 
35583 
35609 
35635 
35661 


35712 
35738 
35764 
35790 


9 6° 


° ° 
63 | 64 
34295 


34395 
35946 


34770 
36338 


34896 | 36443 


36575 


35174 | 36734 


35276 | 36841 


37158 


37243 
35687 


35816 | 37405 


LATITUDE. 


35816 
35842 
35868 
35894 
35920 


35972 
35998 
36024 
36050 


36076 
36102 
36128 
36154 
36180 


36206 
36233 
36259 
36285 
36311 


36364 
36390 
36417 


36469 
36496 
36522 
36549 


36602 
36628 
36655 
36681 
36708 


36761 
36787 
36814 


36867 
36894 
36921 
36948 
36974 


37001 
37028 
37055 
37082 


37135 
37162 
37189 
37216 


37270 
37297 
37324 
37351 
37378 


5 


er vIME pe Es 


POLAR DISTANCE, 


° 
68 


42642 


42674 
42705 
42736 
42768 


42799 
42831 
42862 
42893 
42925 


42956 
42988 
43020 
43051 
43083 


43114 
43146 
43178 
43210 


43241 


44403 


44436 
44468 
44501 
44534 


44567 


SECANT. 
° 
69 
44567 | 60 
44600 | 59 
44633 | 58 
44666 | 57 
44699 | 56 
44732 | 55 
44765 | 54 
44798 | 53 
44831 | 52 
44864 | 51 
44898 | 50 
44931 | 49 
44964 | 48 
44997 | 47 
45031 | 46 
45064 | 45 | 
45097 | 44 
45131 |+43 
45164 | 492 
45198 | 41 
45231 | 40 § 
45265 | 39 § 
45298 | 38 
45332 | 37 
45365 | 36 
45399 | 35 
45433 | 34 
45466 | 33 | 
45500 | 32 | 
45534 | 31 4 
45567 | 30 
45601 | 29 
45635 | 28 
45669 | 27 
45703 | 26 
45737 | 25 
45771 | 24 
45805 | 23 
45839 | 92 
45873 | 21 
45907 | 20 
45941 | 19 
45975 | 18 
46009 | 17 
46043 | 16 | 
46078 | 15 
46112 | 14 
46146 | 13 
46181 | 12 
46215 | 11 ¥ 
46249 | 10 
46284 9 | 
46318 8 | 
46353 7 | 
46387 6 
46422 | 5 
46456 | 4 7 
46491 | 3 § 
46525 | 2 J 
46560 1% 
46595 0 
| 20° | M.! 


21° 


CO-SECANT, 


TABLE XXVII. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 


LATITUDE, 


M. 70 71 72 
} 0 | 0.46595 | 48736 | 51002 
1 46630 | 48773 | 51041 
ee 46664 | 48809 | 51080 
3 46699 | 48846 | 51119 
4 46734 | 48883 | 51158 
5 | 0.46769 | 48920 | 51197 
6 46804 | 48957 | 51236 
7 46839 | 48993 | 51275 
8 46874 | 49030 | 51314 
9 46908 | 49067 | 51353 
0.46944 | 49104 | 51393 
46979 | 49142 | 51432 
47014 | 49179 | 51471 


47049 | 49216 
47084 | 49253 


0.47119 
A7154 
47189 
47225 
47260 

0.47295 
47331 
47366 
47402 
47437 


51510 
51550 


——$_$____— | __ 
—— ee 


47865 
47901 
47937 
9 | 47973 
0.4801) 


0.48189 
48226 
48262 
48298 
48334 


0.48371 
48407 
48443 
48480 
48516 


0.48553 
48589 
48626 
42662 
48699 

48736 


19° 


55311 
55354 
55398 
55441 


55528 
55572 
55615 
55659 


55747 
55790 
| 55834 
55878 
55922 
55966 


16° 


55267 


55484 


55703 


55966 
56010 
56054 
56099 

56143 


56187 
56231 
56276 
56320 
56365 


57999 
58046 
68092 
58139 
58185 


58232 
58278 
58325 
58372 
58418 


48465 
58512 
58559 
58606 
58653 
58700 


HES 


POLAR DISTANCE, 


avin 


105 


78 79 

64791 | 68212 | 71940 | 60 

64846 | 68272 | 72005 | 59 

64901 | 68331 | 72070 | 58 

64956 | 68391 | 72136 | 57 

65011 | 68451 | 72201 | 56 
65066 | 68510 | 72266 | 55 
65121 | 68570 | 72332 | 54 4 
65176 | 68630 | 72398 | 53 | 

65231 | 68690 | 72463 | 52 

65287 | 68750 | 72529 | 51 

65342 | 68811 | 72595 | 50 

65398 | 68871 | 72661 | 49 

65453 | 68932 | 72727 | 48 
65509 | 68992 | 72794 | 47 | 
65564 | 69053 | 72860 | 46 § 

62400 | 65620 | 69113 | 72927 | 45 

59462 | 62451 | 65676 | 69174 | 72993 | 44 

9510 | 62503 | 65732 | 69235 | 73060 | 43 

59558 | 62555 | 65788 | 69296 | 73127 | 42 

59606 | 62607 | 65844 | 69357 | 73194 | 41 

59654 | 62659 | 65900 | 69418 | 73261 | 40 

59703 | 62711 | 65957 | 69479 | 73328 | 39 

59751 | 62763 | 66013 | 69541 | 73395 | 38 

59800 | 62815 | 66069 | 69602 | 73462 | 37 

59848 | 62867 | 66126 | 69664 | 73530 | 36 

59897 | 62919 | 66182 | 69725 | 73597 | 35 

9945 | 62972 | 66239 | 69787 | 73665 | 34 

59994 | 63024 | 66296 | 69849 | 73733 | 33 

60042 | 63076 | 66353 | 69910 | 73801 | 32 
60091 | 63129 | 66409 | 69972 | 73869 | 31 | 

60140 | 63181 | 66466 | 70034 | 75937 | 30 
60189 | 63234 | 66523 | 70097 | 74005 | 29 § 
60238 | 63287 | 66580 | 70159 | 74073 | 28 fF 
60287 | 63340 | 66638 | 70221 | 74142 | 27 | 

60336 | 63392 | 66695 | 70284 | 74210 | 26 
60385 | 63445 | 66752 | 70346 | 74279 | 25 | 
60434 | 63498 | 66810 | 70409 | 74348 | 24 § 
60483 | 63551 | 66867 |.70471 | 74417 | 23 § 
60533 | 63605 | 66925 | 70534 | 74486 | 22 § 
60582 | 63658 | 66982 | 70597 | 74555 | 21 3 
60631 | 63711 | 67040 | 70660 | 74624 | Qo | 
60681 | 63764 | 67098 | 70723 | 74693 | 19 § 
60730 | 63818 | 67156 | 70786 | 74763 | 18 | 
60780 | 63871 | 67214 | 70850 | 74822 | 17 § 
60830 | 63925 | 67272 | 70913 | 74902 | 16 & 
60879 | 63978 | 67330 | 70976 | 74972 | 15 ¥ 
60929 | 64032 | 67388 | 71040 | 75042 | t4 § 
60979 | 64086 | 67447 | 71104 | 75112 | 13 § 
61029 | 64140 | 67505 | 71167 | 75182 | 12 | 
61079 | 64194 | 67563 | 71231 | 75252 | 11 § 
61129 | 64248 | 67622 | 71295 | 75323 | 103 
61179 | 64302 | 67681 | 71359 | 75393 | 9 f 
61229 | 64356 | 67739 | 71423 | 75464 | 8 | 
61279 | 64410 | 67798 | 71488 | 75534] 7 | 
61330 | 64464 | 67857 | 71552 | 75605 | 6 
61380 | 64519 | 67916 | 71616 | 75676 | 5 | 
61430 | 64573 | 67975 | 71681 | 75747 | 4 f 

61481 | 64627 | 68034 | 71746 | 75819 | 3 
61531 | 64682 | 68093 | 71810 | 75890 2 | 
61582 | 64737 | 68153 | 71875 | 75981 1 f 

61632 | 64791 | 68212 | 71940 | 76033 | oO 
14° 13° 1355) 10°. | M4 


- CO-SECANT, k 


TABLE XXVIL. 


LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE 


LATITUDE. SECANT. 


°o ° ° ° fe) oO ° oO ° m 
M.| 80 81 82 83 84 85 86 87 88 | 89 : 
0 | 0.76033 | 80567 | 85644 | 91411 |0.98077]/1.05970/1 .15649/1 .28120]1 .45718]1-75814) 60 | 
1] 76105 | 80647 | 85734 | 91514 | 98197| 06115] 15823) 28362] 46081] 76544] 59 | 
2| 76177 | 80727 | 85825 | 91617 | 98318] 06260] 16004} 28605} 46448| 177287] 58 
3 | 76248 | 80807 | 85915 | 91720 | 98439) 06406] 16187} 28849] 46817| 78042] 57 
4 | 76321 | 80887 | 860J6 | 91824 | 98560} 06552} 16370} 29095] 47190| 78811] 56 
5 apoE pe 
6 
7 
8 


0.76393 | 80967 | 86096 | 91928 |0.98682]1 _06699|1 .16554|1 .29342)1.47566]1.79593) 55 
76465 | 81048 | 86187 | 92032 98804) 06846} 16739} 29591] 47945} 80390) 54 J 
76538 | $1129 | 86278 | 92137 98926) 06993] 16925} 29841} 48327| 81202) 53 
76610 | 81210 | 86370 | 92242 99049} 07141) 17112) 30093) 48713) 82029) 59 
9 76683 | 81291 | 86461 | 92347 99172) 07290) 17299} 30346} 49103) 82872) 51 


10 | 0.76756 | 81372 | 86553 | 92452 |0.99296]1 .07439|1 .17487|1.30500]1 .49495]1 83732} 50 
f 11 76829 | 81453 | 86645 | 92558 99419] 07589} 17676) 30856) 49892} 84609} 49 
12 76902'| 81535 | 86737 | 92663 99544, 07739! 17866} 31114} 50292) 85505) 48 
1 13 76975 | 81617 | 86829 | 92769 99668} 07890) 18056} 31373) 50696] 86419] 47 § 
1 14 77048 | 81698 | 86922 | 92876 99793} 08041] 18248) 31633) 51104] 87353) 46 


—— | —___________. nt ee 


7 15 | 0.77122 | 81780 | 87015 0.999181 .08193}1 .18440/1 .31896)1 .51515]1.88307| 45 | 
1 16 77195 | 81863 | 87108 1.00044; 08345) 18633] 32159) 519381) 89283 
4 17 (269 | 81945 | 87201 00170; 08498) 18827| 32425) 52350; 90282) 43 
, 18 77343 | 82027 | 87294 00296) 08651); 19022) 32692) -52774| 91304) 49 
1 19 77417 | 82110 | 87388 00423} O08805| 19218! 32901) 53201] 92350) 41 f 


H 20 | 0.77491 | 82193 | 87481 1.00550)1 .08960]1.19415]1 33231]1. 5363311 .93422) 40 
y 21 77565 | 82276 | 87575 00678} 09115} 19612) 33503) 54070) 94522) 39 
922; 77639 | 82359 | 87669 00806] 09270} 19811} 33777; 54511] 95650} 38 
y 23 77714 | 82442 | 87764 00934} 09426} 20010) 34053) 54956) 96808 
24 77789 | 82526 | 87858 01063} 09583} 20211} 34330) 55406, 9799 


f 25 | 0.77863 | 82609 | 87953 1.01192}1 .09740)1 .20412/1 .34609]1 .55861/1 .99222 
1 26 77938 | 82693 | 88048 01321} 09898) 20614} 34890) 56320)2.00480 
1 27 78013 | 82777 | 88143 01451} 10057; 20817) 35173) 56784) 0177 
28 78088 | *2861 | 88239 01581} 10216) 21021) 35457) 57254) 03113 
29 78164 | 82945 | 88334 


01712) 10375) 21226) 35744 57728 04492) 31 § 
1 30 | 0.78239 | 83030 | g843y 


1_01843]1 .10536]1 .21432]1 3603211 _582908/2.05916 
y 31 78315 | 83114 | 88526 01974|. 10696} 21639} 36322] 58693] 07388 
1 32 78390 | 83199 | 88623 02106) 10858} 21848) 36615} 59184) 08912 
33 78466 | 83284 | 88719 02238} 11020) 22057| 36909] 59680) 10491 
34 78542 | 83369 | 88816 02371] 11183] 22267) 37205} 60182] 12130 
b 35 | 0.78618 | 83455 | 88913 


: 1.02504]1.113461 . 22478]1 .37503|1. 606902 .13834 
y 36 78694 | 83540 | 89010 02637} 11510} 22690) 37804} 613204) 15607 
| 37 | 78771 | 83626 | 89107 02771} 11674) 22903} 38106] 61724] 17455 
p38 | 78847 | 83711 | 89205 02905] 11839} 23117} 38411) 62250] 19385 
| 39 | 78924 | 83797 | 89303 03040] 12005] 23332} 38718] 627831 21406 
40 | 0.79001 | 83884 | 89401 


1.03175)1.12171]1 .2354911 3902711 .63329/2 .23525 
f 41 79078 | 83970 | 89499 03311] 12339) 23766) 39338 63868) 25752 
h 42 79155 | 84056 | 89598 03447} 12506) 23985! 396511 64429} 28100 
) 43 79232 | 84143 | g9696 03583} 12675) 24204) 39967! 64989! 30583 
44 79309 | 84230 | 89795 


| 03720} 12844] 24495] 40285] 65550! 33216 
45 | 0.79387 | 84317 | 89894 | 96310 


1.03857|1.13013)/1 .24647/1 .40605]1 .66125/2.36018 
1 46 79465 | 84404 | 89994 | 96426 03995} 13184) 24870] 40928} 66708] 39015 
) 47 79542 | 84492 | 90093 | 96542 04133) 13355} 25094] 41253) 67298! 42233 
7 48 79620 | 84579 | 90193 | 96658 04272) 13526) 25320) 41581) 67897) 45709 
49 79698 | 84667 | 90293 | 96774° 


Of4i1) 13699) 25546) 41911] 68505} 4948 
50 | 0.79777 | 84755 | 90394 | 96891 


1 04550)1 .13872|1.25774]1_42243]1 6912112.53627| 10 
51 79855 | 84843 | 90494 | 97008 | 04690] 14045! 26003] 42579] 69745| 58203] 9 
52 79933 | 84131 | 90595 | 97126 | 04830} 14220] 26233] 42916] 70379| 63318] 8. 
53 80012 | 85020 | 90696 | 97243 | 04971] 14395! 26465! 43257] 71093] 69118] 7 
D4 |__80091 | 85109 | 90798 | 97361 | 05113] 14571} 26697| 43600] T1676) 75812 6 
55 | 0.80170 | 85197 | 90899 | 97480 |1.05254/1 14748]! 2693111 4394611 7233912 .8373 
56 8024) | 85286 | 91001 | 97598 | 05397] 149295! 27166) 44295! 73019! 93121 
57 80328 | 85376 | 91103 | 97717 


gg 05539} 15103} 27403 
58 80408 | 85465 | 91205 | 97837 05683) 15282) 27640) 45901] 74391] 2352 
59 80487 | 85555 | 91308 | 97957 


05826) 15461) 27880] 45358] 75097] 53627] 41 
60 80567 | 85644 | 91411 | 98077 | 05970] 15649] 981290| 457181 75814 
9° MES Hatin OT Pages | tao | Vagati eee aett ; 


0 
5° 4° 3° 2° 43 0° f M. 


POLAR DISTANCE. CO-SEC4NT. 


— 


— 


TABLE XXVIIL. 
LOGARITHMS OF THE HALF SUM AND DIFFERENCE. 


HALF SUM. CO-SINE. 


° ° ° ° ° ° 
88 


87 86 85 84 | 83 82 81 
3.54282)3. 


71880}3 - 8435813. 94030/4. 01923/4.08589| 14356 | 19433 
53919} 71638) 84177) 93885) 01803] 08486) 14266 | 19353 
53552) 71395) 83996) 93740) 01682} 08383) 14175 | 19273 
53183) 71151) 83813) 93594) 01561) 08280) 14085 | 19193 
52810 70905 (83630) 93448) 01440 08176 13994 | 19113 


3 5243413 7065813. 8344613 9330114 _01318|4.08072| 13904 | 19033 


°o 
8) 

- 24186 
23456 
22713 
21958 
21189 

3.20407 


= ae 
Cpcmostan| Pwned]: 


*) .11693 


(0000 


19610 
18799 
17971 
17128 


. 16268 


15391 
14495 
13581 
12647 


10717 
09718 
08696 
07650 


.06578 


05478 
04350 
03192 


02002 


.00779 
- 99520 
98223 
96887 
9558 


.94084 


92612 
91088 
89509 


87870 


86166 
84393 
82545 
80615 


78594 


.76475 
74248 
7190) 
69417 


66784 


.63982 
60985 
57767 
54291 
50512 


.46373 
41797 
36682 
30882 


24188 
2.16270 


06579 
1.94085 
76476 
46373 


0 2 


52055 
51673 
51287 
50897 
3.505053 
50108 
49708 
49304 
48896 


69654 


70409 
70159 
69907 


83261 
83075 
82888 
82701 


69144 
68886 
68627 
_ 68367 


82134 
81944 
81752 


93154 
93007} 01074 
92859} 00951 
92710} 00828 


01196 


92411 
92261 
92110 
91959 


00581 
00456 
00332 
00207 


07968 
07863 
07758 


07653 


.69400|3 .82513|3 .92561/4 .00704|4.07548 
82324 


07442 
07337 
07231 
07124 


3. 4848513 6! 68104)3.81560/3. 91807|4. -00082/4. 07018 


48069 
47650 
47226 
46799 

3 46367]3. 
45930 
45489 
45044 
44594 

3.4413913 
43680 
43216 
42746 
AY272 

3.417923 
41307 
40816 
40320 


3.39310)3 
38796 
38276 
37750 
37217 

- 36678)3 
36132 
35578 
35018 
34450 


3.33875)3 . 
33292 
32702 


-57757,3.74226)3. 


_ 56400 


5 1282 


65670 


61282 


59715 


67841 
67575 
67308 
67039 


81367 
81173 
80978 
80782 


91655)/3 .99956 
91502) 99830 
91345} 99704 
91195} 99577 


06911 
06804 
06696 
06589 


6676913 _80585|3 .91040|3 .99450/4.06481 


66497 
66223 
65947 


80388 
80189 
79990 
79789 


65110} 79386 
64827) 79183 
64543} 78979 
64256) 78774 


63678] 78361 
63385} 78152 
63091) 77943 
62795) 77733 


62196 
61894 
61589 


77310 
77097 
76883 
76667 


76234 
76015 
75796 
75575 


60662 
60349 
60033 


99322 
99194 
9066 
98937 


90885 
90730 
90574 
90417 


98679 
98549 
98419 
98288 


90102 
89943 
89784 
89625 


89304 
89142 
88980 


88817| 97629 


88490} 97363 
88326] 97229 
88161| 97095 


87995} 96960 


87661 
87494). 
87325 
87156 


96689 
96553 
96417 
96280 


06372 
06264 
06155 
06046 


-65391|3 .79588|3 902603. 98808|4 05937 


05827 
05717 
05607 
05497 


.63968)3 .78568/3 ._89464/3 .98157)\4.05386 


13813 
13722 
13630 


13539 


13447 
13355 
13263 
13171 
13078 


12985 
12892 
12799 
12706 


12612 


12519 
12425 
12331 
12236 
12142 


12047 
11952 
11857 
11761 
11666 


11570 


5} 11474 


05164 
05052 
04940 


.62497/3 .77522)3 _88654/3 .97496|/4 04828 


04715 
04603 
04490 
04376 


6097313 7645113 8782913 .9682514 04962 


04149 
04034 
03920 
03805 


59395|3.75353/3 .86987/3.96143]4.03690 


59072 
58747 
58419 
58089; 


75130 
74906 
74680 
74454 


57421; 
57084 
56743 


73997 
73767 
73535 
73302 


55705 
55354 
54999 
54642 


72834 

72597 

72360 

72120 

71880 
ae 


‘86645 


85429 


96005 
95867 
95728 


86816 


86474 
86301 


85605) 95029 
94887 


85075 
84897 
84718 
84539 
84358 


94603 
94461 
94317 
94174 
94030 


5° 


DIFFERENCE, 


95589) 
09606 


11377 
11281 
11184 


11087 


10990 
10893 
10795 
10697 


10599 
10501 
10402 
10304 
10205 


10106 
10006 
09907 
09807 
09707 


09506 
09405 
09304 
09202 


09101 


14 08999 


08897 
08795 
08692 
08589 


cae 


18952 
18871 
18790 


18709 


18628 
18547 
18465 
18383 
18302 


18220 
18137 
18055 
17973 


17890 


16631 


16545 
16460 
16374 
16289 


16203 


16116 
16030 
15944 
15857 
15770 


15683 
15596 
15508 
15421 


15333 


15245 
15157 
15069 
14980 
14891 


14803 


22137 
22062 
21987 
21912 
21836 


21761 
21685 
21610 
21534 
21458 


21382 
21306 
21229 
21153 


21076 


20999 
20922 
20845 
20768 
20691 


20613 


20535 
20458 
20380 


20302 


20223 
20145 
20067 
19988 
19909 


19830 © 


‘ — 
Beale wo S| 


7y 


suid ee 
108 TABLE XXVIII. 
LOGARITHMS OF THE HALF SUM AND DIFFERENCE. 
HALF SUM. CO-SINE. 
°o °o ° ° ° ° o Oo °o 
79 8 he’ aA Veo 74 73 72. 71 


4.28060 | 31788 | 35209 | 38368 | 41300 | 44034 | 46594 | 48998 | 51264 
97995 | 31728 | 35154 | 38317 | 41252 | 43990 | 46552 | 48959 | 51227 
97930 | 31669 | 35099 | 38266 | 41205 | 43946 | 46511 | 48920 | 51191 
27864 | 31609 | 35044 |.38215 | 41158 | 43901 | 46469 | 48881 | 51154 
27799 | 31549 | 34989 | 38164 | 41110 | 43857 | 46428 | 48842 | 51117 


4.27734 | 31490 | 34934 | 38113 | 41063 | 43813 | 46386 | 48803 | 51080 
27668 | 31430 | 34879 | 38062 | 41016 | 43769 | 46345 | 48764 | 51043 
27602 | 31370 | 34824 | 38011 | 40968 | 43724 | 46303 | 48725 | 51007. 
27537 | 31310 | 34769 | 37960 | 40921 | 43680 | 46262 | 48686 | 50970 
27471 | 31250 | 34713 | 37909 | 40873 | 43635 | 46220 | 48647 | 50933 


4.27405 | 31189 | 34658 | 37858 | 40825 | 43591 | 46178 | 48607 | 50896 
27339 | 31129 | 34602 | 37806 | 40778 | 43546 | 46136 | 48568 | 50858 
27273 | 31068 | 34547 | 37755 | 40730 | 43502 | 46095 | 48529 | 50821 
27206 | 31008 | 34491 | 37703 | 40682 | 43457 | 46053 | 48490 | 50784 
27140 | 30947 | 34436 | 37652 | 40634 | 43412 | 46011 | 48450 | 50747 


4.27073 | 30887 | 34380 | 37600 | 40586 | 43367 | 45969 | 48411 | 50710 
27007 | 30826 | 34324 | 37549 | 40538 | 43323 | 45927 | 48371 | 50673 
26940 | 30765 | 34268 | 37497 | 40490 | 43278 | 45885 | 48332 | 50635 
26873 | 30704 | 34212 | 37445 | 40442 | 43233 | 45843 | 48292 | 50598 
26806 | 30643 | 34156 | 37393 | 40394 | 43188 | 45801 | 48252 | 50561, 


4.26739 | 30582 | 34100 | 37341 | 40346 | 43143 | 45758 | 48213 | 50523 
26672 | 30521 | 34043 | 37289 | 40297 | 43098 | 45716 | 48173 | 50486 
26605 | 30459 | 33987 | 37237 | 40249 | 43053 | 45674 | 48133 | 50449 
26538 | 30398 | 33931 | 37185 | 40200 | 43008 | 45632 | 48094 | 50411 
26470 | 30336 | 33874 | 37133 | 40152 | 42962 | 45589 | 48054 | 50374 


4.26403 | 30275 | 33818 | 37081 | 40103 | 42917 | 45547 | 48014 | 50336 | : 
26335 | 30213 | 33761 | 37028 | 40055 | 4287 45504 | 47974 | 50298 
26267 | 30151 | 33704 | 36976 | 40006 | 12826 | 45462 | 47934 | 50261 
26199 | 30090 | 33647 36924 | 39958 | 42781 | 45419 | 47894 | 50223 

26131 | 30028 | 33591 36871 39909 | 42735 | 45377 | 47854 | 50185 


4.26063 | 29966 | 33534 36819 | 39860 | 42690 | 45334 | 47814 | 50148 
25995 | 29903 | 33477 | 36766 | 39811 | 42644 | 45292 | 47774 | 50110 
95927 | 29841 | 33420 | 36713 | 39762 | 42599 | 45249 | 47734 | 50072 
25858 | 29779 | 33362 | 36660 | 39713 | 42553 | 45206 | 47694 | 50034 
25790 | 29716 | 33305 | 36608 | 39664 | 42507 | 45163 7654 | 49996 

4.25721 | 29654 | 33248 | 36555 | 39615 | 42461 | 45120 | 47613 | 49958 
25652 | 29591 | 33190 | 36502 | 39566 | 42416 | 45077 | 47573 | 49920 


25583 
25514 
25445 


29529 | 33133 | 36449 | 39517 | 42370 | 45035 | 47533 | 49882 
29466 | 33075 | 36395 | 39467 | 42324 | 44992 | 47492 | 49844 
29493 33018 | 36342 39418 | 42278 | 44948 | 47452 | 49806 


| 40 | 4.25376 | 29340 | 32960 | 36289 | 39369 | 42232 | 44905 | 47411 | 49768 
Al 25307 | 29277 | 32902 | 36236 | 39319 | 42186 | 44862 | 47371 | 49730 
42 25237 | 29214 | 32844 | 36182 | 39270 | 42140 | 44819 | 47330 | 49692 
43 25168 | 29150 | 32786 | 36129 | 39220 | 42093 | 44776 | 47290 | 49654 
44 25098 | 29087 | 32728 | 36075 | 39170 | 42047 | 44733 | 47949 | 49615 
45 | 4.25028 | 29024 | 32670 | 36022 | 39121 | 42001 | 44689 | 47909 | 49577 
46 24958 | 28960 | 32612 | 35968 | 39071 | 41954 | 44646 | 47168 | 49539 
AT 24888 | 28896 | 32553 | 35914 | 39021 | 41908 | 44602 | 47197 | 49500 
48 24818 | 28833 | 32495 | 85860 | 38971 | 41861 | 44559 | 47086 | 49462 
49 24748 | 28769 | 32437 | 35806 | 38921 | 41815 | 44516 | 47045 | 49424 
50 | 4.24677 | 28705 | 32378 | 35752 | 38871 | 41768 | 44472 | 47005 | 49385 

4 51 24607 | 28641 | 32319 | 35698 | 38821 | 41722 | 44428 | 46964 | 49347 


52 24536 | 28577 | 32261 | 35644 | 38771 | 41675 | 44385 | 46923 | 49308 
53 24466 | 28511 | 32202 | 35590 | 38721 | 41628 | 44341 | 46889 | 49269 
54] 24395 | 28448 32143 | 35536 | 38670 | 41582 | 44297 | 46841 | 49231 
55 | 4.24324 | 28384 32084 | 35481 | 38620 | 41535 | 44253 | a6goo | 49192 
56 24253 | 28319 32025 | 35427 | 38570 | 41488 | 44210 | 46758 | 49153 
57 24181 | 28254 31966 | 35373 | 38519 | 41441 | 44166 | 46717 | 49115 
58 24110.} 28190 | 31907 | 35318 | 38469 | 41394 | 44122 | 46676 | 49076 


24039 


31847 | 35263 | 38418 | 41347 | 44078 | 46635 | 49037 
23967 


31788 | 35209 | 38368 | 41300 | 44034 | 46594 | 48998 | 51) 


Rae ets 14° 15% a 16° 
DIFFERENCE. 


TTA Te 


4 55433 
55400 
55367 
55334 
55301 


.55268 
55235 
55202 


.95102 
55069 
55036 
55003 
54969 


4.54936 
54903 
51869 
54836 
d4S02 


4769 
54735 
54702 
54668 

54635 

54601 
54567 
54534 
54500 
54466 


4.54433. 


54399 
54365 
54331 
54297 
4.54263 
54229 
54195 
54161 


4.53922 
53888 
53854 
53819 
53785 

4.53751 


1e} 
ae 


TABLE XXVIIL. 
LOGARITHMS OF THE HALF SUM AND DIFFERENCE, 


65456 
65431 
65406 
65381 
65356 


63662 
63636 
63610 
63583 
63557 
63531 
63504 
63478 
63451 
63425 
63398 
63372 


63345 
63319 
63292 


63266 


63239 
63213 
63186 


63133 
63106 
63079 
63052 


63026 


62999 
62972 
62945 
62918 
62892 


HALF SUM. 
°o ° °o eo} 
68 67 66 65 
57358 | 59188 | 60931 | 62595 
57326 | 59158 | 60903 | 62568 
57295 | 59128 | 60875 | 62541 
57264:| 59098 | 60846 | 62513 
57232 | 59069 | 60818 | 62486 
57201 | 59039 | 60789 | 62459 
57169 | 59009 | 60761 | 62432 
57138 | 58979 | 60732 | 62405 
57107 | 58949 | 60704 | 62377 
57075 | 58919 | 60675 | 62350 
57044 | 58889 | 60646 | 62323 
57012 | 58359 | 60618 | 62296 
56980 | 5829 | 60589 | 62268 
56949 | 58799 | 60561 | 62241 
56917 | 58769 | 60532 | 62214 
56886 | 58739 | 60503 | 62186 
56854 | 58709 | 60474 | 62159 
56822 | 58678 | 60446 | 62131 
56790 | 58648 | 60417 | 62104 
56759 | 58618 | 60388 | 62076 
56727 | 58588 | 60359 | 62049 
56695 | 58557 | 60331 | 62021 
55663 | 58527 | 60302 | 61994 
56631 | 58497 | 60273 | 61966 
56599 | 58467 | 60244 | 61939 
59568 | 58436 | 60215 | 61911 
56536 | 58406 | 60186 | 61883 
56504 | 58375 | 60157 | 61856 
56472 | 58345 | 60128 | 61828 
56140 | 58314 | 60099 | 61800 
56408 | 58284 | 60070 | 61773 
56375 | 58253 | 60041 | 61745 
56343 | 58223 | 60012 | 61717 
56311 | 58192 | 59983 | 61689 
56279 | 58162 | 59954 | 61662 
56247 | 58131 | 59924 | 61634 
56215 | 58101 | 59895 | 61606 
56182 | 58070 | 59866 | 61578 
56150 | 58039 | 59837 | 61550 
56118 | 58008 | 59808 | 61522 
56085 | 57978 | 59778 | 61494 
56053 | 57947 | 59749 | 61466 
56021 | 57916 |-59720 | 61438 
55988 | 57885 | 59690 | 61410 
55956 | 57855 | 59661 | 61382 
55923 | 57824 | 59632 | 61354 
55891 | 57793 | 59602 | 61326 
55858 | 57762 | 59573 | 61298 
55826 | 57731 | 59543 | 61270 
55793 | 57700 | 59514 | 61242 
55761 | 57669 | 59484 | 61214 
55728 | 57638 | 59455 | 61186 
55695 | 57607 | 59425 | 61158 
55663 | 57576 | 59396 | 61129 
55630 | 57545 | 59366 | 61101 
55597 | 57514 | 59336 | 61073 
55564 | 57482 | 59307 | 61045 
55532 | 57451 | 59277 | 61016 
55499 | 57420 | 59247 | 60988 
55466 | 57389 | 59218 | 60960 
ad 57358 | 59188 | 60931 
Bs 22° 23° 24° 


25° 


’ DIFFERENCE. 


64184 


65331 
65306 
65281 
65255 


89 | 65230 | 


65205 
65180 
65155 
65130 
65104 


65079 
65054 
65029 
65003 
64978 


64953 
64927 
64902 
64877 
64851 
64826 
64800 
64775 
64749 


63159 | 64724 


64698 
64673 
64647 
64622 
64596 


64571 
64545 
64519 
64494 
64468 


64442 
64417 
64391 
64365 
64339 


64313 
64288 
64262 
64236 
64210 


26° 


109 


CO-SINE 
° ° ° 
62 61 60 
67161 | 68557 | 69897 | 60 
67137 | 68534 | 69875 | 59 
67113 | 68512 | 69853 | 58 
67090 | 68489 | 69831 | 57 § 
67066 | 68466 | 69809 | 56 
67042 | 68443 | 69787 | 55 
67018 | 68420 | 69765 | 54 
66994 | 68397 | 69743 | 53 
66970 | 68374 | 69721 | 52 
66946 | 68351 | 69699 | 51 | 
66922 | 68328 | 69677 | 50 
66899 | 68305 | 69655 | 49 
66875 | 68282 | 69633 | 48 
66851 | 68260 | 69611 | 47 
66827 | 68237 | 69589 | 46 
66803 | 68213 | 69567 | 45 
66779 | 68190 | 69515 | 44 | 
66755 | 68167 | 69523 | 43 
66731 | 68144 | 69501 | 42 
66706 | 68121 | 69479 ! 41 
66682 | 68098 | 69456 | 40 
66658 | 68075 | 69434 | 39 
66634 | 68052 | 69412 |*38 
66610 | 68029 | 69390 | 37 
66586 | 68006 | 69368 | 36 
66562 | 67982 | 69345 | 35 | 
66537 | 67959 | 69323 | 34 § 
66513 | 67936 | 69301 | 33 
66489 | 67913 | 69279 | 32 § 
66465 | 67890 | 69256 | 31 J 
66441 | 67866 | 69234 | 30 § 
66416 | 67843 | 69212 | 99 § 
66392 | 67820 | 69189 | 28 § 
66368 | 67796 | 69167 | Q7 § 
66343 | 67773 | 69144 | 26 § 
66319 | 67750 | 691224 25 fi 
66295 | 67726 | 69100 | 24 § 
66270 | 67703 | 69077 | 23 | 
66246 | 67680 | 69055 | 22 § 
66221 | 67656 | 69032 | 21 
66197 | 67633 | 69010 | 30 
66173 | 67609 | 68987 | 19 
66148 | 67586 | 68965 | 18 § 
66124 | 67562 | 68942 | 17 § 
66099 | 67539 | 68920 | 16 
66075 | 67515 | 68897 
66050 | 67492 | 68875 
66025 | 67468 | 68852 
66001 | 67445 | 68829 
65976 | 67421 | 68807 
65952 | 67398 | 68784 
65927 | 67374 | 68762 
65902 | 67350 | 68739 
65878 | 67327 | 68716 
65853 | 67303 | 68694 
65828 | 67280 | 68671 
65804 | 67256 | 68648 
65779 | 67232 | 68625 
65754 | 67208 | 68603 
65729 | 67185 | 68580 
65705 | 67161 


LOGARITHMS OF THE HALF SUM AND DIFFERENCE. 
; HALF SUM. CO-SINE. 


° ° 

52 51 

78934 | 79887 | 80807 
78918 | 79872 | 80792 
78902 | 79856 
78886 | 79840 
78869 | 79825 


78853 | 79809 
78837 | 79793 
78821 | 79778 
78805 | 79762 
78788 | 79746 
78772 | 79731 
78756 | 79715 
78739 | 79699 
78723 | 79684 
78707 | 79668 


78691 | 79652 
78674 | 79636 
78658 | 79621 
78642 | 79605 
78625 | 79589 


78609 | 79573 
78592 | 79558 
78576 | 79542 
78560 | 79526 | 80458 
78543 | 79510 | 80443 


— | | .tC*#S 


78527 | 79494 | 80428 
78510 | 79478 | 80412 
78494 | 79463 | 80397 
78478 | 79447 | 80382 
78461 | 79431 | 80366 
78445 | 79415 | 80351 
78428 | 79399 | 80336 
78412 | 79383 | 80320 
78395 | 79367-| 80305 
78379 | 79351 | 80290 

80274 


78362 | 79335 

78346 | 79319 | 80259 
78329 | 79304 | 80244 
78313 | 79288 | 80228 
78296 | 79272 | 80213 
78280 | 79256 
78263 | 79240 
78246 | 79294 
78230 | 79208 
78213 | 79192 


78197 | 79176 
78180 | 79160 
78163 | 79144 


75859 | 76922 | 77946 
75841 | 76904 | 77930 
75823 | 76887 | 77913 
75805 | 76870 | 77896 
75787 | 76852 | 77879 


75769 | 76835 | 77862 
75751 | 76817 | 77846 
75733 | 76800 | 77829 
75714 | 76782 | 77812 
74587 | 75696 | 76765 | 77795 


—__—_———— | || | | 


74568 | 75678 | 76747 | 77778 

74549 | 75660 | 76730 | 77761 

74531 | 75642 | 76712 | 77744 

74512 | 75624 | 76695 | 77727 

74493 | 75605 | 76677 | 77711 

74174 | 75587 | 76660 | 77694 
74455 | 75569 | 76642 | 77677 
74436 | 75551 | 76625 | 77660 
74417 | 75533 | 76607 | 77643 
74398 | 75514 | 76590 | 77626 
74379 


75496 | 76572 | 77609 
74360 


74341 
74322 
71303 


74284 
74265 
74246 
74227 
74208 
74189 
74170 
74151 


70824 | 72075 
70803 | 72055 
70782 72034 


4.70761 | 72014 
70739 | 71994 
70718 | 71973. 
70697 | 71952 

70675 | 71932 


4.70654 | 71911 
70633 | 71891 
70611 | 71870 
70590 | 71850 
70568 | 71829 


4.70547 | 71809 
70525 | 71788 
70504 | 71767 
70482 | 71747 
70461 | 71726 

4.70439 | 71705 

70418 | 71685 

70396 | 71664 

70375 | 71643 

70353 | 71622 

4.70332 | 71602 

W310 | 71581 

70288 | 71560 

70267 | 71539 

70245 | 71519 


4.70224 | 71498 
70202 | 71477 
70180 | 71456 
70159 | 71435 
70137 | 71414 


_—_— |__| 


71393 
70093 | 71373 
70072 | 71352 
70050 | 71331 

70028 | 71310 


4.70006 | 71289 
69984 | 71268 
69963 | 71247 
69941 | 71226 
69919 | 71205 


80504, 
80489 
80473 


75331 | 76413 | 77456 


75313 | 76395 | 77439 
75294 | 76378 | 77499 
75276 | 76360 | 77405 
74132 | 75258 | 76342 | 77387 
74113 | 75239 | 76324 | 77370 


74093 | 75221 | 76307 | 77353 
74074 | 75202 | 76289 | 77336 
74055 | 75184 | 76271 | 77319 
74036 | 75165 | 76253 | 77309 
7417 | 75147 | 76236 | 77985 


73997 | 75128 | 76218 | 77268 
73978 | 75110 | 76200 | 77250 
73959 | 75091 | 76182 | 77233 
73940 | 75073 | 76164 | 77216 
73921 | 75054 | 76146 | 77199 


73901 | 75036 | 76129 | 77181 
73882 | 75017 | 76111 | 77164 
73863 | 74999 | 76093 | 77147 
72663 | 73843 | 74980 | 76075 | 77130 | 78147 | 79128 
72643 | 73824 | 74961 | 76057 | 77112 | 78130 | 79111 


--,_—_——-+| —_— _ | | | CO 


72622 | 73805 | 74943 | 76039 | 77095 | 78113 | 79095 
72602 | 73785 | 74924 | 76021 | 77078 | 78097 | 79079 
72582 | 73766 | 74906 | 76003 | 77061 | 78080 | 79063 
72562 | 73747 | 74887 | 75985 | 77043 | 78063 | 79047 
72542 | 73727 | 74868 | 75967 | 77026 | 78047 | 79031 


72522 | 73708 | 74850 | 75949 | 77009 | 78030 79015 
72502 | 73689 | 74831 | 75931 | 76991 | 78013 78999 
72482 | 73669 | 74812 | 75913 | 76974 | 77997 78983 
724161 | 73650 | 74794 | 75895 | 76957 | 77980 78967 
72441 | 73630 | 74775 | 75877 76939 | 77963 | 78950 


72723 
72703 
72683 


= 
~I 
i) 
—_— 
— 
Or 


09897 | 71184 | 72421 | 73611 | 74756 | 75859 | 76929 | 77946 | 78934 79887 
30° 2 A es MM Se A 


DIFFERENCE. _ SINE. § 


Pret Bn kigv nee a ee ew Pee Ss er 


TABLE XXVIII. 111 
LOGARITHMS OF THE HALF SUM AND DIFFERENCE, 
HALF SUM. CO-SINE. 
Oo 
M. 49 

0 | 4.81694 | 82551 | 83378 | 84177 | 84949 | 85693 | 86413 | 87107 | 87778 | 88425 | 60 | 
1 81680 | 82537 | 83365 | 84164 | 84936 | 85681 | 86401 | 87096 | 87767 | 88415 | 59 
2 81665 | 82523 | 83351 | 84151 | 84923 | 85669 | 86389 | 87085 | 87756 | 88404 | 58 
3 81651 | 82509 | 83338 | 84138 | 84911 | 85657 | 86377 | 87073 | 87745 | 88394 | 57 | 

4 81636 | 82495 | 83324 | 84125 | 84898 | 85645 | 86366 |! 87062 | 87734 | 88383 | 56 
5 | 4.81622 | 82481 | 83311 | 84112 | 84885 | 85632 | 86354 | 87050 | 87723 | 88372 | 55 | 
6 81607 | 82467 | 83297 | 84099 | 84873 | 85620 | 86342 | 87039 | 87712 | 88362 | 54 | 
7 81592 | 82453 | 83283 | 84085 | 84860 | 85698 | 86330 | 87028 | 87701 | 88351 | 53 | 
8 81578 | 82439 | 83270 | 84072 | 84847 | 85596 | 86318 | 87016 | 87690 | 88340 | 52 | 
9 81563 | 82424 | 83256 | 84059 | 84835 | 85583 | 86306 | 87005 | 87679 | 88330 | 51 | 
10 | 4.81549 | 82410 | 83242 | 84046 | 84822 | 85571 | 86295 | 86993 | 87668 | 88319 | 50 | 
1 11 81534 | 82396 | 83229 | 84033 | 84809 | 85559 | 862983 | 86982 | 87657 | 88308 | 49 
12 81519 | 82382 | 83215 | 84020 | 84796 | 85547 | 86271 | 86970 | 87646 | 88298 | 48 } 
1 13 81505 | 82368 | 83202 | 84006 | 84784 | 85534 | 86259 | 86959 | 87635 | 88287 | 47 f 
14 81490 | 82354 | 83188 | 83993 | 84771 | 85522 | 86247 | 86947 | 87624 | 88276 | 46 | 

15 | 4.81475 83174 | 83980 | 84758 | 85510 | 86235 | 86936 | 87613 | 88266 | 45 
16 81461 83161 | 83967 | 84745 | 85497 | 86223 | 86924 | 87601 | 88255 | 44 ff 

17 81446 83147 | 83954 | 84733 | 85485 | 86211 | 86913 | 87590 | 88244 | 43 

18 81431 83133 | 83940 | 84720 | 85473 | 86200 | 86902 | 87579 | 88234 | 42 
19 S1417 83120 | 83927 | 84707 | 85460 | 86188 | 86890 | 87568 | 88223 | 41 | 

20 | 4.81102 83106 | 83914 | 84694 | 85448 | 86176 | 86879 | 87557 | 88212 | 40 
21 81387 83092 | 83901 | 84682 | 85436 | 86164 | 86867 | 87546 | 88201 | 39 § 

22 81372 83078 | 83887 | 84669 | 85423 | 86152 | 86855 | 87535 | 88191 | 38 
23 81352 83065 | 83874 | 84656 | 85411 | 86140 | 86844 | 87524 | 88180 | 37 | 
| 24 81343 83051 | 83861 | 84643 | 85399 | 86128 | 86832 | 87513 | 88169 | 36 : 
25 | 4.81328 83037 | 83848 | 84630 | 85386 | 86116 | 86821 | 87501 | 88158 | 35 § 
126} 81314 83023 | 83834 | 84618 | 85374 | 86104 | 86809 | 87490 | 88148 | 34 F 

1 27 81299 83010 | 83821 | 84605 | 85361 | 86092 | 86798 | 87479 | 88137 | 33 

28 81984 82996 | 83808 | 84592 | 85349 | 86080 | 86786 | 87468 | 88126 | 32 

29 $1269 82982 | 83795 | 84579 | 85337 | 86068 | 86775 | 87457 | 88115 | 31 
30 | 4.81254 82968 | 83781 | 84566 | 85324 | 86056 | 86763 | 87446 | 88105 | 30 | 
31 81940 82955 | 83768 | 84553 | 85312 | 86044 | 86752 | 87434 | 88094 | Qo ¥ 
32 81225 82941 | 83755 | 84540 | 85299 | 86032 | 86740 | 87423 | 88083 | 28 fF 
33 81210 82927 | 83741 | 84528 | 85287 | 86020 | 86728 | 87412 | 88072 | 27 | 
34 81195 82913 | 83728 | 84515 | 85274 | 86008 | 86717 | 87401 | 88061 | 26 § 
35 82899 | 83715 | 84502 | 85262 | 85996 | 86705 | 87390 | 88051 | 25 F 

36 82885 | 83701 | 84489 | 85250 | 85984 | 86694 | 87378 | 88040 | 24 
37 82872 | 83688 | 84476 | 85237 | 85972 | g668g | 87367 | 88029 | 23 | 
38 82858 | 83674 | 84463 | 85225 | 85960 | 86670 | 87356 | 88018 | 22 | 
39 82844 | 83661 | 84450 | 85212 | 85948 | 86659 | 87345 | 88007 | 21 
40 81983 | 82830 | 83648 | 84437 | 85200 | 85936 | 86647 | 87334 | 87996 | Q0 | 
41 81969 | 82316 | 83634 | 84424 | 85187 | 85924 | 86635 | 87322 | 87985 | 19 & 
42 81955 | 82802 | 83621 | 84411 | 85175 | 85912 | g66g4 | 87311 | 87975 | 18 | 
43 81940 | 82788 | 83608 | 84398 | 85162 | 85900 | 86612 | 87300 | 87964 | 17 § 
44 | 81926 | 82775 | 83594 | 84385 | 85150 | 83888 | g6600 | 87288 | 87953 | 16 f 
45 81911 | 82761 | 83581 | 84373 | 85137 | 85876 | g65s9 | 87277 | 87942 | 15 F 
46 814897 | 82747 | 83567 | 84360 | 85125 | 85864 | 86577 | 87266 | 87931 | 14} 
AT 81882 | 82733 | 83554 | 84347 | 85112 | 85851 | 86565 | 87255 | 87920 | 13 } 
48 81868 | 82719 | 83540 | 84334 | 85100 | 85839 | gg554 | 87243 | 87909 | 12 
49 81854 | 82705 | 83527 | 84321 | 85087 | 85827 | 86542 | 87232 | 87898 | 11 | 
50 81839 | 82691 | 83513 | 84308 | 85074 | 85815 | 86530 | 87221 | 87887 | 10 | 
51 81825 | 82677 | 83500 | 84295 | 85062 | 85803 | 36518 | 87209 | 87877! 9 f 
52 81810 |.82663 | 83486 | 84282 | 85049 | 85791 | 86507 | 87198 | 87866 8 |X 
53 81796 | 82649 | 83473 | 84269 | 85037 | 85779 | 86495 | 87187 | 87855 7 Ef 

54 81781 | 82635 | 83459 | 84255, | 85024 | 85766 | 86483 | 87175 | 878447 6 
55 81767 | 82621 | 83446 | 84242 | 85012 | 85754 | 96472 | 87164 | 87833 | 5 | 
56 81752 | 82607 | 83432 | 84229 | 84999 | 85742 | 86460 | 87153 | 87822 | 4 | 

57 81738 | 82593 | 83419 | 84216 | 84986 | 85730 | g644g | 87141 | 87811] 3 

58 81723 | 82579 | 83405 | 84203 | 84974 | 85718 | 86436 | 87130 | 87800 | 2 
59 81709 | 82565 | 83392 | 84190 | 84961 | 85706 | 86495 | 87119 | 87789 | 1 | 
60 81694 | 82551 | 83378 | 84177 | 84949 | 85693 | 86413 | 87107 | 87778] Oo | 
41° 42° 43° 44° 45° 46° 47° 48° 49° | Med 


DIFFERENCE, 


a 


poreenescate 


LOGARITHMS OF THE HALF SUM AND DIFFERENCE, 
HALF SUM. 


° 
viva 
89653 
89643 


89633 
89624 


89614 


89604 
89594 
89584 
89574 
89564 


90796 
90787 
90777 
90768 


90759 


90750 
90741 
90731 
90722 
90713 


hee aie. —— | rae) - a s 


1 O| 4. 
fe! 89040 
3 89030 
3 89020 
} 4 89009 
i 5 | 4.88999 
i 6 88989 
Be 88978 
i 8 88968 
a) 88958 
| 10 | 4.88948 
11 88937 
1 12 88927 - 
113] 8g917 
y 14 88906 
1 15 | 4.88896 
1 16 88886 
By 88875 
i 18 88855 
1 19 88855 
1 20 | 4.88844 
4 21 88834 
1 22 88824 
1 23 88813 
1 24 88803 
1 25 | 4.88793 
4 26 88782 
27 88772 
7 28 88761 
29 88751 
1 30 | 4.88741 
i 31 88730 
32 88720 
33 88709 
{ 34 88699 
135 | 4.88688 
H 36 88678 
1 37 88668 
| 38 88657 
39 88647 
1 40 | 4.88636 
1 41 88626 
1 42 88615 
| 43 88605 
44 88594 
45 | 4.88584 
46 88573 
17 88563 
43 88552 
49 88542 
50 | 4.88531 
i 88521 
52 88510 
53 88499 
54] 88489 
55 | 4.88478 
56 88468 


89554 
89544 
89534 
89524 
89514 


89504 
89495 
89485 
89475 
89465 


89455 
89445 
89435 
ROADS 
89415 


89405 
89395 
89385 
89375 
89364 


89354 
89344 
89334 
89324 
89314 
89304 
89294 
89284 
89274 
89264 


90043 
90034 
90024 
90014 
90005 


90704 
90694 
90685 
90676 
90667 
90657 
90648 
90639 
90630 


90620 


90611 
90602 
90592 
90583 
90574 


89995 
89985 
89976 
89966 


89956 


89947 
89937 
89927 
89918 
89908 


89898 
89888 
89879 
89869 
89859 


89849 
89840 
89820 
89820 


89810 


89801 
89791 
89781 
89771 


89761 


89752 
89742 
89732 
89722 


90565 


89712 


89702 
89693 
89683 
89673 
89663 


89653 


52° 


Fda 50) bles rents hp eR Conia 


CO-SINE. 


93753 | 60 
93746 | 59 
93738 | 58 
98731) 1457 
93724 | 56 
93717 | 55 1% 
av09 | 54 § 
93702 | 53 
93695 | 52 } 
93687.| 51 i 
93680 | 50 | 
93673 | 49 
93665 | 48 § 
93658 | 47 fi 
93650 | 46 | 
93643 | 45 
93636 | 44 | 
93628 | 43 | 
93621 | 42 | 
93614 | 41 
93606 | 40 
93599 | 39 
932591 | 38 
93584 | 37 
93577 | 36 | 
93560 | 35 | 
93562 | 34 
93554 >.33 
93547 32 | 
93539 | 31 | 
| 93532 | 30 | 
93525 | 99 | 
93517 | 98 | 
93510 | 97 | 
93502 | 96 § 
93495 | 95 
93487 | 94 
93480 | 93 
93472 | 99 
93465 | 21, 
93457 | 20 
93450 | 19 
93442 | 18 
93435 | 17 | 
93427 | 16 | 
93420 | 15 
93412 | 14 
93405 | 13 
93397 + 193 
93390 | 41 
93382 | 10 
93375 1: 9 
93367 8 | 
93360 . 
93352 6 
933441 -5 
93337 4 
93329 3 
93322 2 
93314 1 
93307 9) 
59° M. 
SINE 


91336 | 91857 | 92359 | 92842 | 93307 
91328 | 91849 | 92351 | 92834 | 93299 
91319 | 91840 | 92343 | 92826 | 93291 
91310 | 91832 | 92334 | 92818 | 93284 
91301 | 91823 | 923296 | 92810 | 93276 
91292 | 91815 | 92318 | 92803 | 93269 
91283 | 91806 | 92310 | 92795 | 93261 
91274 | 91798 | 92302 | 92787 | 93253 | ¢ 
91266 | 91789 | 92293 | 92779 | 93246 | ¢ 
91257 | 91781 | 92285 | 92771 | 93238 
91248 | 91772 | 92277 | 92763 | 93230 
91239 | 91763 | 92269 | 92755 | 93223 
91230 | 91755 | 92260 | 92747 | 93215 
91221 | 91746 | 92252 | 92739 | 93207 
91212 | 91738 | 92244 | 92731 | 93200 
91203 | 91729 | 92235 | 92723 | 93192 
91194 | 91720 | 92227.| 92715 | 93184 
91185 | 91712 | 92219 | 92707 | 93177 
91176 | 91703 | 92211 | 92699 | 93169 
91167 | 91695 | 92202 | 92691 | 93161 
91158 | 91686 | 92194 | 92683 | 93154 
91149 | 91677 | 92186 | 92675 | 93146 
91141 | 91669 | 92177 | 92667 | 93138 
91132 | 91660 | 92169 | 92659 | 93131 
91123 | 91651 | 92161 | 92651 | 93123 
91114 | 91643 | 99152 | 92643 | 93115 
91105 | 91634 | 92144 | 92635 | 93108 
91096 | 91625 | 92136 | 92627 | 93100 
91087 | 91617 | 92127 | 92619 | 93092 
91078 | 91608 | 92119 | 92611 | 93084 
91069 | 91599 | 92111 | 92603 | 93077 
91060 | 91591 | 92102 | 92595 | 93069 
91051 | 91582 | 92094 | 92587 | 93061 
91042 | 91573 | 92086 | 92579 | 93053 
91033 | 91565 | 92077 | 92571 | 93046 
91023 | 91556 | 92069 | 92563 | 93038 
91014 | 91547 | 92060 | 92555 | 93030 
91005 | 91588 | 92052 | 92546 | 93022 
90996 | 91530 | 92044 | 99538 | 93014 
99987 | 91521 | 92035 | 92530 | 93007 
90978 | 91512 | 92027 | 99599 | 92999 
90969 | 91504 | 92018 | 99514 | 92991 
90960 | 91495 | 92010 | 92506 | 92983 
90951 | 91486 | 92002 | 92498 | 92976 
90942 | 91477 | 91993 | 92490 | 92968 
90933 | 91469 | 91985 | 99489 | 92960 
90924 | 91460 | 91976 | 99473 | 92952 
90915 | 91451 | 91968 | 99465 | 92944 
90906 | 91442 | 91959 | 99457 | 92936 
90896 | 91433 | 91951 | 92449 | 92929 
9N887 | 91-125 | 91942 | 99441 | 92921 
90878 | 91416 | 91934 | 99433 | 92913 
90869 | 91407 | 91925 | 99495 | 92905 
90860 | 91398 | 91917 | 99416 | 92897 
90851 | 91389 | 91908 |. g240g | 92889 
90842 | 91381 | 91900 924009 | 92881 
90832 | 91372 | 91891 92399 | 92874 
90823 | 91363 | 91883 99384 | 92866 
90814 | 91354 | 91874 99376 | 92858 
90805 | 91345 | 91866 99367 | 92850 
90796 | 91336 | 91857 99359 | 92842 

54° 55° 56° 57° 58° 

_ DIFFERENCE, 


= 


0 | 4.94182 
if 94175 
2 94168 
3 94161 
4 94154 
i 5 | 4.94147 
6 94140 
7 94133 
8 94126 
Y 94119 
#10 | 4.94112 | § 
11 94105 
12 94098 
13 94090 
14 94083 
15 | 4.94076 
16 94069 
17 94062 
18 94055 
19 94048 
1 20 | 4.94041 
y 21 94034 
A 292, 94027 
| 23 94020 
| 24 94012 
B25 | 4.94005 
| 26 93998 
f 27 93991 
H 28 93984 
J 29 | 93977 
4 30 | 4.93970 
1 31 93963 
L 32 93955 
1 33 93948 
34 | 93941 
H 35 | 4.93934 
| 36 93927 
4 37 93920 
f 38 93912 
H 39 | 93905 
4 40 | 4.93898 
) 41 93891 
y 42 93884 
1 43 93876 
5 44 


— |) 


93869 | | 


Sa Eee 


LOGARITHMS OF THE HALF SUM AND DIFFERENCE. 


°o 
27 


94988 


94982 
94975 
9469 
94962 


94956 
94949 
94343 
94936 

94930 


94923 
94917 
94911 
94904 
94898 
94891 
94884 
94878 
94871 
94865 


94858 
94852 
94845 
94839 
94832 
94826 
GASLD 
94813 
94806 


94799 


94793 
94786 
94780 
94773 
94767 
94760 
94753 
94747 
94740 


94734 


94727 
94720 
94714 
94707 


94700 


7 —_—_—————- O— _ | |] - 


94217 
94210 
94203 
94196 
94189 


94182 


61° 


° 
26 
95366 
95360 
95354 
95348 
95341 
95335 
95329 
95323 
95317 


95310 


95304 
95298 
95292 
95286 
95279 
95273 
95267 
95261 
95254 


95248 


95242 
95236 
95229 
95223 
95217 


95211 
95204 
95198 
95192 
95185 


95179 
95173 
95167 
95160 


95154 


95020 


95014 
95007 
95001 
94995 
94988 


63° 


HALF SUM. 


° 
24 


96039 
96034 
96028 
96022 


96073 


96011 
96005 
96000 


95988 
95982 
95977 
95621 | 95371 
95515 | 95965 
95609 | 95960 
95603 | 95954 
95597 | 95948 
95591 | 95942 
95585 
95579 
95573 
95567 
95561 
95555 


95549 
95543 
95537 
95531 
95525 


95519 
95513 
95507 
95500 
95494 
95488 
95482 
95476 
95470 
95464 


95931 
95925 
95920 
95914 


95902 
95897 
95891 
95885 
95879 


95873 
95868 
95862 
95856 


- 95844 
95839 
95833 
95827 
95821 


95458 
95452 
95446 
95440 
95434 
95427 
95421 
95415 
95409 
95403 


95397 
95391 
95384 
95378 
94372 
95366 


95815 
95810 
95804 
95795 
95792 


95780 
95775 
95769 


95757 
95751 
95745 
95739 
95733 
95728 


64° 65° 


96017. 


Bd 


95937 | 96 


95908 | § 


95850 


95786 


95763 


96240 
96234 
96229 
96223 
96218 

96212 
96207 
96201 
96196 
96190 
96185 
96179 
96174 
96168 
96162 


96157 
96151 
96146 
96140 

96135 
96129 
96123 
96118 
96112 
96107 


96101 
96095 
96090 
96084 
96079 
96073 


66° 


DIFFERENCE, 


96588 


96582 
96577 
96572 
96567 


96562 


96556 
96551 
96546 


96541 
96535 


96530 
96525 
96520 


96514 


96509 
96504 
96498 
96493 
96488 


96483 
96477 
96472 
96467 


96461 


96456 
96451 
96445 
96440 


96435 


96429 


96424 
96419 
96413 
96408 
96403 


—— | | Sf S| 


67° 


ee ae 
113 
CO-SINE, 
° ° ' 
21 20 
97015 | 97299 | 60 
97010 | 97294 | 59 
97005 | 97289 | 58 | 
97001 | 97285 | 57 | 
96996 | 97280 | 56 | 
96991 | 97276 | 55 | 
96986 | 97271 | 54 | 
96981 | 97266 | 53 | 
96976 | 97262 | 52 } 
96971 | 97257 | 51 | 
96966 | 97252 | 50 
96962 | 97248 |-49 | 
96957 | 97243 | 48 | 
96952 | 97238 | 47 | 
96947 | 97234 | 46 
96942 | 97229 | 45 
96937 | 97224 | 44 | 
96932 | 97220 | 43 | 
96927 | 97215 | 49 | 
96922 | 97210 | 41 f 
96917 | 97206 | 40 
96912 | 97201 | 39 | 
96907 | 97196 | 38 } 
96903 | 97192 | 37 | 
96898 | 97187 | 36 | 
96893 | 97182 | 35 
96888 | 97178 | 34 } 
96883 | 97173 | 33 
96878 | 97168 | 32 | 
96873 | 97163 | 31 
96868 | 97159 | 30 | 
96863 | 97154 | 29 F 
96858 | 97149 | 28 
96853 | 97145 | 97 | 
96848 | 97140 | 96 
96843 | 97135 | 25 | 
96838 | 97130 | 24 § 
96833 | 97126 | 93 § 
96828 | 97121 | 22 | 
96823 | 97116 | 21 | 
96818 | 97111 } 90 f 
96813 | 97107 | 19 | 
96808 | 97102 | 18 | 
96803 | 97097 | 17 | 
96798 | 97092 | 16 | 
96793 | 97087 | 15 | 
96788 | 97083 | 14 J 
96783 | 97078 | 13 ¥ 
96778 | 97073 | 12 J 
96772 | 97068 | 11 | 
96767 | 97063 | 10 | 
96762 | 97059 | 9 f 
96757 | 97054] 8 | 
96752 | 97049 | 7 | 
96747 | 97044 | 6 | 
96742 | 97039 | 5 | 
96737 | 97035 | 4 | 
96732 | 97030} 3 
96727 | 97025 | 2 
96722 | 97020 | 1 
96717 | 97015 | OF 
69° | M. aR 
BINT: Wahi 3 
_— . r ; at ‘ae 
eget 4 


see ee Ne 
DIFFERENCE, 


— ae — 
114 TABLE XXVIIUL. 
LOGARITHMS OF THE HALF SUM AND DIFFERENCE, 
HALF SUM. 
i oO ° ° ° ° ° fe} ° 
| M. 19 18 17 16 15 14 13 12 u 
} O | 4.97567 | 97821 | 98060 | 98284 | 98494 | 98690 | 98879 | 99040 | 99195 
1 97563 | 97817 | 98056 | 98281 | 98491 | 98687 | 98s69 | 99038 | 99192 
2 97558 | 97812 | 98052 | 98277 | 98488 | 98684 98867 | 99035 | 99190 
i 3 97554 | 97808 | 98048 | 98273 | 98484 | 98681 98864 | 99032 | 99187 
1 4 97550 | 97804 | 98044 | 98270 98481 | 98678 98861 99030 | 99185 
i 5 | 4.97545 | 97800 | 98040 { 98266'| 98477 | 98675 | 98858 | 99027 | 99182 
6 97541 | 97796 | 98036 | 98262 | 98474 | 98671 | 98855 | 99024 | 99180 
yo % 97536 | 97792 | 98032 | 98259 | 98471 | 98668 | 98852 | 99022 | 99177 
1 8 97532 | 97788 | 98029 | 98255 | 98467 | 98665 | 98849 | 99019 | 99175 
1 9 97528 | 97784 | 98025 | 98251 | 98464 | 98662 | 98846 | 99016 99172 
10 | 4.97523 | 97779 | 98021 | 98248 | 98460 | 98659 | 98843 | 99013 | 99170 
at 97519 | 97775 | 98017 | 98244 | 98457 | 98656 | 98840 | 99011 | 99167 
1 12 97515 | 97771 | 98013 | 98240 | 98453 | 98652 | 98837 | 99008 | 99165 
1 13 97510 | 97767 | 98009 | 9823 98450 | 98649 | 98834 | 99005 | 99162 
14 97506 | 97763 | 98005 98233 | 98447 | 98646 | 98831 | 99002 99160 
15 | 4.97501 | 97759 | 98001 | 98229 | 98443 | 98643 | 98898 | 99000 | 99157 
4 16} 97497 | 97754 | 97997 | 98226 | 98440 | 98640 | 98895 |'98997 | 99155 
1% 97492 | 97750 | 97993 | 98222 | 98436 | 98636 | 98822 | 98994 | 9915% 
18 97488 | 97746 | 97989 | 98218 | 98433 | 98633 | 98819 | 98991 | 99150 
f19 | 97484 97742 | 97936 | 98215 | 98429 98630 | 98816 | 98989 | 99147 
1 20 | 4.97479 | 97738 | 97989 | 98211 95426 | 98627 | 98813 | 98986 | 99145 
j 21 97475 | 97734 | 97978 | 98207 | 98422°| 98623 | 98810 | 98983 | 99149 
} 22 97470 | 97729 | 97974 | 98204 | 984iy | 98620 | 98807 | 98980 | 99140 
i 23 97466 | 97725 | 97970 | 98200 | 98415 | 98617 | 98804 | 98978 | 99137 
f 24 97461 | 97721 | 97966 | 98196 | 98412 | 98614 | 98801 | 98975 99135 
# 25 | 4.97457 | 97717 | 97962 | 98192 | 98409 | 98610 98798 | 98972 | 99132 
1 26 97453 | 97713 | 97958 | 98189 | 98405 | 98607 | 98795 | 98969 | 99130 
| 27 97448 | 97708 | 97954 | 98185 | 98402 | 98604 | 98792 | 98967 | 99197 
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FOR CORRECTING THE LONGITUDE BY CHRONOMETER FROM THE EFFECT OF AN 
ERROR IN THE LATITUDE USED IN FINDING THE TIME. 
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Enter this Table with the Latitude worked with ai the Side, and the Hour Angle at the Top. 
(See explanation of this Table at page 144.) 
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7080| 7736 7326) 8075 
7082) 7739 7328) 8078 
FOSS F742 2] 7330] 8081 
45 10.7087|0.7745)).721219.791€)). 7332/0. 80840. 7447/0. 8249)0 
7089| 7748 7334| 808¢€ 
7091] 7750 7336) 8089 
7093] 7752 7338] 8092 
7095) 7756 7340} 8095 
50 |0.7097/0.7759]0.722210.7930]9 7342|0.8097|0.7457|0.8263)0. 0.7568|0.8425)0. 7675|0.8586| 50 
7099] 7762 7344) 8100 
7102) 7765 7345] 8103 
7104| 7768 7347| 8106 
an 7106) 7771 7349} 8109 
-7108/0.7773]0. .794419.7351|0.8111)0. 
7110) V776 7353] 8114 
7112) 7779 7355) 8117 
7114) 7782 7357| 8120 
711 7785 7359| 8122 
60} 7118] 7788 7361| 8125 60 
or 8. |Log. T.] Log Log. T.] Log. S. | Leg. T. Tor. 8.|Leg.T. 
30° 39° 


APPARENT DISTANCE. 


TABLE XXXI. 129 
LOGARITHMS OF THE APPARENT DISTANCE. 


APPARENT DISTANCE, - 


36° 
Log. S.-| Log. T. 


38° SH) 41° 
'. | Log. 5. | Log. ‘I’. Log. S., Log. ‘L. M. 


-8771|0.7893)0 892810 . 7989\0.9084]0. 808110. 923810. 816910. 9392 ao} ! 


1 7895| 8931] 7990] 9086 8171] 9394] 1 | 
2 7897| 89331 7992! 9089 8172} 9397, 2} 
3 7898} 8936] 7993} 9091 8174| 9399] 3 § 
4 7900| 8939] 7995) 9094 8175| 9402} 4 
5 | .8784]0.7901/0.894110. 7997/0. .8177|0.9404| 5 | 
6 7903| 89441 7998! 9099 8178| 9407] 6 | 
7 7905| 8946] 8000] 9102 8180] 9409| 7 § 
8 7906| 8949] 8001) 9104 8181] 9412} 8 | 
9 7908} 8952) 8003! 9107 8182} 9415] 9 

1 10 |0. De : 0.879719. 7910|0.8954}). 800410. 911010. 8096\0.9264/0.8184/0.9417| 10 | 
11 8185] 9420] 11 4 
12 8187) 9422] 12 ! 
13 8188} 9425] 13 § 
14 8190| 9427) 14 3 


).7918|0.8967]0.8012/0.9122|0.8103/0.9277]0.8191)0. 9430 15 4 
7919} 8970} 8014) 9125 8193} 9432) 16 |; 
7921; 8972) 8015} 9128 8194) 9435 17 | 
7922) 8975} 8017) 9130 8195} 9438) 18 4 
7924) 8978) 8018) 9133 8197; 9440} 19 


8200] 9445] 21 | 
8201] 9448] 22 § 
8203] 9450} 23 | 

8204] 9453] 24 


7927} 8983] 8021; 9138 
7929} 8985) 8023} 9140 
7930} 8988) 8024; 9143 

7932) 8990) 8026) 9146 


8207| 9458] 26 | 
8208] 9460] 27 
8210] 9463) 28 
8211} 9466) 29 | 


7935) 8996) 8029) 9151 
7937| 8998) 8031} 9153 
7938) 9001} 8032) 9156 
7940) 9003) 8034 __9158 


"8214 9471] 31 
8216, 9473] 32 | 
8217| 9476] 33 
8218) 9478] 34 § 


"7943 9009 "8037 “9164 
7945) 9011} 8038) 9166 
7946| 9014) 8040} 9169 

7948} 9016] 8041) 9171 


8221) 9483] 36 § 
8223] 9486] 37 } 
8224) 9488] 38 F 

8225 9491) 39 | 


7951} 9022) 8044) 9176 
7953} 9024) 8046) 9179 
7954} 9026] 8047| 9182 

7956| 9029) 8049) 9184 


8228) 9496} 41 | 
8230; 9499) 42 fe 
8231} 9501] 43 | 
| 8233 9504} 44 | 


7959| 9035] 8052} 9189 
7960| 9037] 8053) 9192 
7962} 9040) 8055) 9194 

ges __ 9042) 8056 _ 9197 


"8235 “9509 46 
8237| 9511] 47 | 


7967 "9048 "8060 "9209 
7968} 9050} 8061} 9205 
7970} 9053] 8063} 9207 8238} 9514) 48 
7972} 9055) 8064) 9210 8240] 9516] 49 


.7973|0.9057|0.8066/0. 921210. 5\0. -8241/0.9519) 50 
7975} 9060} 8067); 9215 8242) 9522) 51 
7976} 9063) 8069) 9218 8244) 9524] 5 
7978} 9066} 8070} 9220 8245) 9527) 53 
7979| 9068} 8072) 9223 8247! 9529] 5' 


_—_ ——__. fj 
| -————— |] | |] | ns | ee i 


.7981|0.907110. 8073/0 .9225)0 . 8162/0 .9379)0 .8248)0.9532) 55 § 
7982) 9073] 8075 8164) 9381] 8249) 9534) 56 
7984| 9076} 8076 8165) 9384! 8251) 9537) 57 § 
7986| 9079} 8078 8167} 9387; 8252). 9539 58 § 
7987} 9081} 8079 8168) 9389] 8254) 9542) 59 § 
7989) | 9084 _ 8081 8169 __ 9392 8255} 9544) 60 
Log. T.| M_ 
sah 


Log. 8. | Log. T. 
36° 


40° 


¢ 


APPARENT DISTANCE. 


TABLE XXXL 


130 
LOGARITHMS OF THE APPARENT DISTANCE. 
APPARENT DISTANCE, 
42° 43° 44° 45° Ale 
M. Log. 8. , Log. T. Log. S | Log. T.| Log. 8S.) Log. T. | Log. 8S. JLog. T. ; . | dog. ‘I. | Log. 5. dog. Te M. 
0 (0.825510 954410. 833810. 9697|0.841810. 984810. 849511. 00000. $569|I. 0152)0.8641/1.0303] 0 
1} 82571 9547]| 8339! 9699] 8419] 98511 8496] 0003 0154] 8642! O30c} 1 
2} 8258] 9549] 8341} 9702} 8420) 9853} 8497] 0005 0157] 8644] 0309] 2 
3 | 8259) 9552) 8342) 9704] 8422) 9856} 8499! O008] 8573} 0159] 8645) 0311) 3 
A| 8261] 9555} 8343) 9707} 8423) 9858] 8500} 0010] 8574} 0162] 8646) 0314) 4 
f 5 10.8262/).9557)/0.8345]0.9709]0.8424/0.9861]0.8501/1.0013]0.8575]1.0164]0.864711.031¢} 5 
6 | 8264] 9560} 8346] 9712] 8426) 9864} 8502} 0015} 8577| 0167) 8648) 0316) 6 
7 | 8265| 9562} 8347} 9714] 8427) 9866] 8504} OOis| 8578] 0169} 8650) 0321) 7 § 
8 | 8266] 9565} 8349) 9717} 8428! 9869] 8505} OO2C] 8579} 0172) 8651] 0324 8 
9] 8268]. 9567} 8350) 9719] 8429} 9871] 8506} Ov25] 8580| 0174] 8652) 0324) 9 f 
10 |0.8269|).9570)) 835110 97221).843110.9874|0.8507|1 .0025/0.8582|1.0177]0.8653|1.0329| 10 | 
11 | 8270) 9572) 8353) 9724] 8432) 9876] 8509) 0028] 8583) 0179] 8654) 0331) 11 
121 8272) 9575] 8354) 9727] 8433] 9879] 8510! O003C] 8584) 0182} 8655) 0334] 12 
13 | 8273] 9577] 8355} 9725] 8435) 9881} 8511} 003] 8585} O18] 8657) 033] 13 
14 | 8275] 9580] 8357) 9732) 8436) 9884) 8512] 0035] 858t) 018%) 8658) 0339] 14 f 
15 |0.8276|).9589)).8358/0.9735)).8437|9. 988610. 851411 . 003810. 8588|1 .0190}0.8659|1.0341| 15 | 
16 | 8277) 9585] 8359] 9737] 8439] 98g9] 8515] 0040 0192] 866C} 0344] 16 } 
17 | 8279] 9588] 8361) 9740] 8440] 98911 8516] 0043 0195} 8661] 034%] 17 | 
18 | 8280] 9590] 8362} 9742] 8441] 9894) 8517] 0046 0197] 8662] 0349] 18 
19 | 8282) 9593] 8363] 9745} 8442) 9896] 8519] O04s | 8663) 0352) 19 
20 |0.8283/).9595)0.8365/0.9747]).8444|0.9899}0. 8520/1 .0051)0. 020210.8665|1 .0354| 20 
221} 82841 9598] 8366) 9750] 8445) Gouil 8521] 005% 0205] 8666! 0357} 21 
22 | 82841 9600] 8367) 9752] 8446) 9904) 8522) 0056 "| 8667) 0359) 22 § 
123 | 82871 9603] 8369] 9755] 8448] 9907] 8524] 0058 0210] 8668! 0362} 23 | 
424] 8289! 9605] 8370] 9757] 8449] 9909] 8525] 0061 0212] 8669} 0364] 24 
25 |.).82901).9608]0.8371/0.9760]0 . 8450/0 .9912]0.8526]1 .0063]0.8600|1 .0215]0.8671]1.0367| 25 
26 | 8293! 9610] 8373} 9762) 8451} 9914] 8527] 0066 7 0369] 26 
27 | 8292} 9613] 8374] 9765) 8453! 9917] 8529! 0068 0220 0372] 27 
28 8294] 9615] 8375] 9767] 84541 9919] 8530! 0071 0229 0374] 28) 
429 | 8295) 9618] 8377) 9770) 8455) 9922) 8531] 0073 22E 5} 0377} 29 4 
1 30 |0.8297/0.9621|).8378|0.9773)0.8457|0.9924[).8532|1 0228)0. 8676/1 .0379] 30 | 
31 | 829&| 9623] 8379} 9775) 8458) 9927) 8534| 0078 023¢ 0382} 31 | 
32} 8300! 9626] 8381) 9778] 8459) 9929} 8535} 0081 238 0385| 32 | 
33 | 8301] 9628} 8382) 9780} 8460) 9932} 8536] 0083 0235 0387| 33 | 
34 | 8302| 9631] 8383) 9783] 8462! 9934] 8537] 0086 0238] __ 0390 34 
35 |).830410.9633]0.8385/0.9785]0 .8463/0.993710.8539]1 .0088}0 024010. 868211 .0392 0392! 35 | 
36 | 8305] 9636] 8386} 9788} 8464) 9939] 8540} 0091 0243 0395| 36 | 
3 8306| 96381 8387} 9790] 8466] 99421 8541! 0093 45 0397) 37 } 
3 8308] 9641] 8389] 9793] 8467] 9944] 8542! 0096 0248 0400} 38 
3 8309] 9643] 8390) 9795] 8468] 9947] 8544) 0099 0250 0402} 39 | 
} 40 19.8311|0.9646]).8391|0.979810.8469/0.9949)). 8545|1 .0101|0. 861811 .0253]0.8688]1.0405 40 ‘ 
141] 8312) 9648} 8393} 9800] 8471] 9952} 8546! 0104 0255 0407) 41 § 
442 | 8313] 9651] 8394) 9803] 8472] 9955] 8547] 0106 0258 0410} 42 | 
43 | 8315! 9653] 8395] 9805} 8473] 9957] 8549} 0109 0260 0419) 43 | 
44 | 8316} 9656] 8397] 9808] 8475) 9960] 8550! 0111 0263 0415] 44 j 
45 |0.8317|9.9659]0.8398/0.9810]0.847610.9962/0. 8551/1 .0114]0 265)0.8694/1.0418| 45 | 
46 | 8319} 9661] 8399] 9813] 8477} 99651 8552} 0116 268 0420) 46 | 
47 | 8320) 9664] 8401] 9816] 8478] 9967] 8553} 0119 271 0423] 47 § 
48 | 8322! 9666] 8402} 9818} 8480} 9970] 8555] 0121 0273 0425) 48 3 
49 | 8323! 9669] 8403) 9821] 8481] 9972] 8556] 0124 0276 0428) 49 | 
50 |0.8324/9.9671]).8405]0.9823]0.8482/0.99751). 8557/1 .0126)0 0278]0.8699]1.0430} 50 
51 | 8326] 9674] 8406] 98261 8483] 9977] 8558} 0129 0281] 8700) 0433] 51 
52 | 8327| 9676] 8407] 9828] 8485) 9980] 8560) 0131 0283] 8702} 0435] 52 
53 | 8328! 9679] 8409] 9831] 8486] 9982] 8561] 0134 0286! 8703] 0438] 53 
54 | 8330) 9681] 8410 8487| 9985] 8562) 0136 O288} 8704) 0440) 54 
55 |0.8331(0. 968d|0. 841110. - 8489/0 .9987]0.8563/1 .0139}0 0291]0.8705]1.0443) 55 
56 | 8332) 9686] 8412} 9838] 8490) 9990] 8564} 0142 0293] 8706] 0445] 56 
57 | 8334) 9689] 8414] 9841] 8491] 9992] 8566} 0144 0296] 8707] 0448} 57 
58 | 8335) 9691] 8415] 9843] 8492] 9995] 8567| 0147 0298] 8708] 0451] 58 
59 | 8336) 9694] 8416] 9846] 8494] 9997] 8568] 0149 0301] 8710] 0453} 59 
59 | 8338) 9697] 8418] 9848 .0000] 8569} 0152 0303] 8711} 0456) 60° 
M S. |Log. T. | Loe. S.! Los. T Log. T. | Log. 8! Leg. T. | Log. 8. |Log, T. | Log. 8. | Log. T.| M. 
AD. 43° rT Sie Y) 


APPARENT DISTANCE. 


TABLE XXXI. 131 
LOGARITHMS OF THE APPARENT DISTANCE. 


APPARENT DISTANCE. 


50° 51° 53° 

_M. | iog. 57 Log. | Log. 8. Log. T. Sai ea Log. T. |Log. 8.) Log. T. 
0 (9.871111.0456 076210.8905|1 091610.8965]1.1072]0.902311 .1229 
1 | 8712) 0458 "8844 0764] 8906 8966 1231 
2/1 8713) 0461 8845] 0767] 8907 8967| 1077 1234) 2 § 
3] 87141 0463 8846| 0770) 8908 8968 1237 
4] 8715 0466 8847} 0772} 8909) 8969} 1082). 1239 
5 |0.8716|1.0468 1.1242 

4 6| 8718) 0471 884y ‘0777 "8911 “8971 "1088 1245} 6 
71 8719} 0473 8850} O780] 8912 8972} 1090 1247| 7 
8 8720) 0476 8851] O782) 8913 8973} 1093 1250} 8 
9| 8721| 0479 8852] O785| 8914 _ 8974} 1095 1253 


10 [0.872211 ). 88531 . 07 ; ‘ -1098]0.903311 .1255 


11 | 8723] 0484 8854 1258 
12] 8724] 048% 8855 1260 
13 | 8725) 0489 8856 1263 
14 | 8727 8857 1266 
g 15 10.8728). ).8858]1. 1268 
16 | 8729 8859} 0803 1271 
17 | 8730] 0499 8860] 0806 1274 
18 | 8731; 0501 8862} 0808 1276 
419) 8732 8863) 0811] 8924 1279 
1 20 |y.8733l1.( ). 88641. 1282 
721] 8734 8865} 0816 1284 
422 | 8736) 0512 8866} 0818 1287 
23; 8737] 0514 8867} 0821 1289 
24 | 8738 0517) 8804) O67C6] 8868] 0824 1292 
25 10.8739]. ). 8805]1. ). 8869/1 .082619. : ‘ . ; .1295 
126} 8740] 0522] 8806 8870} 0829 1297 
P27} 8741) 0524] 8807 8871} 0831 1300 
128 | 87429! 0527] 8808 8872) 0834 1303 
929) 874 0529 _ 8809 8873} 0836 1305} 
4 30 |).8745|1.0532 ).8874]1.0839}9. i ; i .9052]1.1308 
#31} 874¢ "8812 8875} 0842 1311 
932] 8747 8813 1313 
433 | 8749 8814 1316 
34 | 8749 cea! 1318 
4 35 |0.8750|1. 0.887 .1163)]0.9056]1.1321 
136] 8751 "8817 9057] 1324 
137 | 87592 8818 9058] 1326 
138] 8753 8819 9059| 1329 
| 39 | 8755 8820 9060} 1332 


Cee SS ee ee, ee ee Eee 


10 10.8756 -8821]1.0711)0. aG 0.89451. 1334 
4] 8757 8822! 0713 8946 1337 
42 8758 8823} 0716 1340 
13 8759 8824) 0718 1342 
14] 8760 8825| 0721 1345 
LD 10.8761/1.0570]0. 8827/1 9066]1.1348 
46 8762 8828] 0726 1350 
y 47 8763 8829) 0729 1353 
48 8765 8830) 0731 1356 
A 49 8766 88311 0734 1358 
50 0.8767 8767]1. .0583)0. 8832)1.0736]0. , 0.89! Ns 0. : : -1361 
51 8768 8833} 0739 1364 
52 8769 8834) 0741 1366 
p53 8770) 0591] 8835) 0744 1369 
P54) 8771 1371 
55_ oe S7 721. -9075|1.1374 
56 8773 0598 9076) 1377 
57 8775) 0601 9077; 1379 


4 58 8776) 0603 
4 59 8777 pe 


9078} 1382 
9079} 1385 
9080} 1387 


— | $$$ | ———— } | — ———_-_] —__—_—__ 


APPARENT DISTANCE. | 


TABLE AXAI, 
~LOGARITHMS OF THE APPARENT DISTANCE. 


APPARENT DISTANCE, 


55° 59° 
E Log. Te TT. | Log. 8. wr ie . T.| Log. S. bart. dS. eh ‘t o| M. 


1550 "9331 "9215 59 
1553 9332] 2218) 58 
1556 3] 9333] 2221) 57 
1558 é 9334] 2224] 56 

~ 2227) 55 
"1564 } 9335} 2229) 54 
1567 9336} 2232) 53 
1569 2: 9337 2235) 52 
1572 2238) 51 


.1575)0. , ‘ .933811.2241| 50° 
1577 2: 39} 2244] 49 
1580 2247) 48 
1583 2250] 47 
1585 ‘ ‘ 2252) 46 

2255) 45 
"1591 ¢ 343) 2258) 44 
1594 ¢ 2261) 43 
1596 : 344] 2264) 42 
1599} 9202 : 928 2267} 41 


1.2270] 40. 
"1604 2273) 39 
1607 2275 
1610 : 2278 
1612 349) 2281) 
2284 
2287 
2290 
2293 
2296) ; 
1.2299 
2301 
2304 
2307 
2310 
1.2313 
2316 
2319 
2322 
iat ac 


.9368]1.2356| 10. 
9369| 2359] 9 
9369} 236% 8 
93701 2365] 7 
93711 2368] 6 


9372) 2374 
9373) 2377 
9374) 2380 
9375) 2383 
9375| 2386 


APPARENT DISTANCE. 


133 


“TABLE XXXI. 
% 
LOGARITHMS OF THE APPARENT DISTANCE. 


APPARENT DISTANCE. 


61° 62° : 63° 64° 
| j Log: 3.) Log, 'T. | Log. 8. Log. 'T.} Log. 8. | Log. 'I'.) Log. 8.) Log. I. | 


- 2562/0 .9459)1.2743]0.9499)1. 


2389 2565| 9460] 2746] 9499} 2931 
2391 2568] 9461] 2749] 9500] 3935 
2394 2571) 9461) 2752) 9501] 2938 
2397 2574] 9462) 2755) 9501] 2941 
.2400)0. 2577|0.9463]1 .275910.950211 . 29440. 
2403 2580] 9463] 2762] 9503} 2947 
2406 2583] 9464] 2765) 9503] 2950 
2409 2586] 9465} 2768] 9504) 2953 
2412 2529) 9465| 2771] 9505} 2957 
241510 .9425]1.2592/0.9466]1 .2774]0.9505|1 . 29600. 
2418 2595| 9467] 2777] 9506] 2963 
2421 25981 9467] 2780] 9506] 2966 
9424 2601) 9468] 2783] 9507] 2969 
2427 2604] 9469] 2786] 9508] 2972 
.2429]0. 2607]0.9469|1 .278910.9508/1.2975)0. 
9432 2610} 9470] 27921°°9509| 2978 
2435 9613] 9471] 2795] 9510} 2982 
2438 2616] 9471] 2798] 9510} 2985 
9441 2619] 9472] 2801] 9511] 2988 
.2444)0. 262210 .9473]1.2804]0.951211.2991]0.9549]1. 318: 
2447 9625] 9473] 2808] 9512) 2994 "9585 
2450 2628] 9474] 2811] 9513] 2997 9586] 3386 
9453 2631] 9475} 2814] 9513] 3001 
2456 2634] 9475} 2817] 9514} 3004 
95 10. 9393]1.2459]0.9436|1. 2637|0.9476|1 .282010.9515|1.3007|0. 
2462 2640] 9477] 2823] 9515} 3010 
2465 2643) 9477| 2826] 9516} 3013 
2468 2646] 9478| 2829] 9517) 3016 
2471 9649] 9479} 2832] 9517] 3019 
30, 0.9397|1.247410.9439]1 .265210.9479]1 .2835]0.9518]1.3023}0. .9590}1.3413 
2477 2655} 9480] 28381 9519} 3026 9591] 3416 
2479 2658] 9481) 2841] 9519] 3029 9591| 3420 
2482 2661} 9481} 2844] 9520} 3032 95921 3423 
2485 2664| 9482] 2848] 9520! 3035 9593] 3426 
9401|1.2488)0. 944211. 266710 .9483]1 .285110.9521|/1. 303810. .9593]1.3430) 25_ 
2491 2670] 9483] 2854] 9522] 3042 9594| 3433! 24 
249 2673] 9484] 2857] 9522) 3045 9594| 3436) 23 
2497 2676] 9485} 2860] 9523) 3048 9595| 3440] 22 
2500 2680] 9485] 2863] 9524} 3051 9595] 3443) 21 
40 10.940411 .2503]0.9446]1 . 268310. 9486|1 .2866]0.9524]1 .3054]0. .9596|1.3447/ 20, 
2506 2686] 9486] 2869] 9525] 3058 9597| 3450] 19 
2509 2689] 9487) 2872] 9525} 3061 9597| 3453] 18 
2512 2692} 9488] 2875) 9526) 3064 9598] 34571 17 
2515 2695] 94881 2879] 9527] 3067 9598] 3460] 16 
0.9408]1 .2518|0.9449]1 . 269810. 9489]1 . 288210 . 952711. 307010. 9564|3. 3264|0.9599|1.3463) 15 
9408] 2521 2701} 9490] 2885) 9528) 3073 9599} 3467] 14 
9} 2524 2704] 9490] 2888] 9529] 3077 9600| 3470) 13 
2527 2707] 9491] 2891} 9529] 3080 9601| 3473] 19 
2530 2710] 9492] 2894] 9530} 3083 9601] 3477] 11 
9411|1.2533]0 -2713]0.9492)1.2897]0.9530]1.3086)0. .9602|1.3480) 10 
2536 2716] 9493] 2900] 9531) 3089 9602} 3484] 9 
2539 2719] 9494) 2903] 9532! 3093 9603] 3487] 8 
2542 27221 9494| 2907] 9532] 3096 9603] 3490] 7 
2545 27251 9495) 2910] 9533! 3099 9604] 3494] 6 
55 10.9415|1.2548]0. 945611. 27298|0.9496|1 .2913/0.9534|1.3102I0. .9604|1.3497] 5 
2551 2731} 9496] 2916] 9534} 3105 4 
2554 2734] 9497| 2919] 9535} 3109 9 § 
2557 2737] 9498] 2922) 9535) 3112 2 | 
2560 2740] 9498] 2925) 9536] 3115 1 
2562 2743] 9499] 2928] 9537] 3118 0 
og. T. ‘Log. 8. | S. | Log. 'T.J Log. 8. | Log. T. | Log. S. | Log. T. | Log, &. t', ‘Log. 8. ‘Log. T. MoM. 
J 118° 117° 116° 


APPARENT DISTANCE. 


TABLE XXXI. 
LLOGARITHMS OF THE APPARENT DISTANCE. 


APPARENT DISTANCE, 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


AD .971611.427310.9 
9716 


9629/1. 
9630 


“9664 
9665 
9665 
sea edad Ls 
9.9635/1. 
9635 9667 
9636 : 9668 
9636 9668 
9637 _ 9669 
..9669|1.391 
9638 9670 
9639 
9639 
9640 
9640 
“| Log. 8. | 


APPARENT DISTANCE. 


72° 


Low. S. 40g. 


Ravenel 
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APPARENT DISTANCE, 


yo 
Tog. 8. | Ss. Log. T. 


see Ee eee ee SS, ee ee ny (a ee eee) ee | eee 


9829 
9830 
). 9830/1. 
9831 
9831 
9831 
9832 
=|). ).9832|1 .5473 
9832 
9833 
9833 
9833 


).9834]1.5497 


9834 
9835 
9835 
9835 


9836 
9836 
9837 
9837 


Log. $s. 


75° 


Log. ale 


pik oe 


76° 
Log. 5. | Log. ‘I’. ‘| Tog. 8 Log. Sp Log Ps. M. 
0.9869]1. 603210. 9887|1. 6366} 60 
9869| 6038] 9888] 63721 59 
9870} 6043] 9888] 6378] 58 
9870} 6048] 9888! 6384] 57 
9870} 6054] 9885) 6389] 56 
. 6059/0. 9889]1 . 6396] 55 
9889} 6401; 54 
9889] 6407] 53 
9890} 6413] 52 
987 6081 | 9890 aoe 51 


“9872 “6099 
9873) 6097 
9873) 6103 
9875 _ 6108 


“9874 “6119 
9874) 6125 
9875 


9856 
9857 
9857 
9857 


-9856)1. 


). 9837/1. 


9858/1. 
9858 
9358 
9859 
9859 


»9859I1. 


9860 
9860 
9860 


9861 


9861 
9862 
9862 


9862 


APPARENT DISTANCE. 


"9890 6430 49 
989i} 6436] 18 
9891] 6442] 17 
9891] 6448) 46 
1.6454) 45 
“9892 6459] 44 
9892} 6465} 43 
9892) 6471] 42 f° 
9893) 6477) 41 
1.6483] 40 
"9893 6489] 39 
9894] 6495] 38 
9894) 6501] 37 
9894) 6507] 36 
.9894/1.6513| 35 
9895| 6519] 34 
9895| 6525] 33 
9895| 6531] 32 
9896] 6536] 31 
.9896]1.6542| 30 
9396} 6548] 29 
9896] 6554] 28 
9897| 6560] 37 
9897| 6566] 26 
~6572| 25 
6578] 24 
6584] 293 
6591] 99 
mee ee 21 


6609 
6615 
ihe 
662 


S68 
6639) 44 
6645) 13 
6651] 12 
6657] 1] 
-6664) 19_ 
6670) 9g 
6676 8 
6682) 7 
_ 6688 6 
1.6694 aad 
6700) 4 
6707} 3 
6713} 9 
6719 
6725 


fev a FB 


tha LADLIN AAAI, 
LOGARITHMS OF THE APPARENT DISTANCE. 


APPARENT DISTANCE. 


M. | Log. 5. | Log. T. |Log. 5.) Log. i. | Log. 8. | Log. T.| Log. 8. log. T-| Log 8. |Log T.| Log. 8. Log. T:] M. 
0 }0.9904)1.6725)0.95 .7113|0.9934]1.7537|0. So 8003}]0 . 9958/1 .8522]0.9968]1.9109) 60 


1} 9904 9119] 59 
2} 9905 ¢ 5 g 9968) 9129] 58 
31 9905] 67: 9934 ( 381 9140] 57 
4} 9905} 6 9934} 7566] 99¢ : | 9151] 56 
5 10.9905|1.6756/0.992111.714710. 9: 1. 8044]0.9958/1.8568]0.9968]1.9161| 55 
6 | 9906 38} 9172) 54 
7+ 9906 9182) 53 
8 | 9906 9193] 52 
9 | 9996 9204] 51 
10 {0.9907|1.67 9214] 50 
1 11} 9907 9225] 49 
1124 9907 9236| 48 
13 | 9907 9246] 47 
14} 9908 9257] 46 
15 10.9908I1 9268) 45 
16 | 9908 9279| 44 
17 | 9908 9290| 43 
18 | 9909 9301] 42 
19 | 9909 9312] 41 
20 |0.990911 .9322] 40 
21} 9910 9333] 39 
22} 9910 9344} 38 } 
23 | 9910 9355| 37 
24+ 9910 9367| 36 
25 10.9911]1.688310.992511. 993911. .995111.821210.996211. .9971|1.9378) 35 
126} 9911 ¢ 9951 . c 9389] 34 
27 + 9911] 6896 9951| 85 96 9400) 33 
28} 9911] 6 9952 9411] 32 
29} 9912] 6 99. 9952 | 9s 9422) 31 
30 {0.9912)1.6 ; 0. ; .9959I1. 996311. 8806|L. 11.9433] 30 
31} 9912) 6 9952 9445| 29 
1 321 9912 99521 85 ¢ : 9456] 28 
1 33.) 9913 9953 9467| 27 
134] 9913 9953 9479) 26 
35 |0.9913]1 : 9941/1. .9953]1.8298)0.9964I1. -997311.9490| 25 
36 | 9913 9941 9953 9501) 24 
37 | 9914 9942 9953 9513] 23 
38 | 9914 9942 9524| 22 
39 | 9914] 6 9942 3 ; | 9536) 21 
“40 |0.9914|1.6980 1.9547| 20 
41} 9915 9559| 19 
42} 9915 9570] 18 
43} 991 9589] 17 
44} 991¢ 9593| 16 
45 |0.9916|l. 1.9605] 15 
46} 9916 9617| 14 
47 | 9916 9629} 13 
48] 9916 9640} 12 
49 | 9917 9652] 11 
50 [0.9917|1.7047 5410. i i .843110.9966I1. § .9975|1.9664| 10 
4 51 | 9917 9944 9956 9676] 9 
52.1 9917 . 9945 9956 9688] 8 
53 | 9918 9945 46] 9956 ¢ 9700] 7 
54 | 9918 9945 9956 9711] 6 
55 |0.9918|1.7080|0.9932l1.7500(0.9945|1.7962/0.9957|1 847610. 996711, 9057|1.9975|1.9723| 5 
» 56 | 9918 9945] 75 9957 9735} 4 
1 57 | 9919 9946 9957 9747] 3 
6 58} 9919 9946 9957 9976] 9760) 2 
59 | 9919 9} 9946 51 9957 -- 9976] 9772) 1 | 
60] 9919 9946 3] 9958 9976} 9784) 0 | 
M. | Log. 8. ete Lig. Ts 8S. (Log. T. | Log. 8. !Log. I.) M. 


T00° 99° “oR” 
APPARENT DISTANCE. 
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LOGARITHMS OF THE APPAREN1 DISTANCE. 


APPARENT DISTANCE, 


"4606 9999 "7654 59 
4642] 9999) 7728) 58 

4679] 9999) 7804} 57 
4717} 9999; 7880} 56 


| | J | J | | — 


2.475410.9999]2.7959| 55 
4792] 9999] 8038] 54 
1830] 9999] 8120) 53 | 
4869] 9999] 8202] 52 
4908]1.0000| 8287} 51 f 


.0000/2.8373| 50 
498%} 0000] 8460] 49 
5027] 0000] 8550) 48 | 
5067] 0000] 8641] 47 | 
510s} 0000] 8735] 46 
5]0.9998|2.5149]1 .0000|2.8830| 45 § 
9998] 5191] 0000} 8928] 44 | 


15 |0.9978IL. 
16 | 9978 


17 | 9978 9998] 52335] 0000} 9028) 43 
18 | 9978I2. 9998} 5275} 0000] 9130} 42 
19 | 9979 9998] 5318] 0000] 9235] 41 
20 10.9979|2.0034 2.536211 .0060/2.9342] 40 
91 | 9979 9998} 5405| 0000] 9452: 39 § 
22 | 9979 9998} 5449] 0000] 9565] 38 
23 | 9979 99981 5494] 0000] 9681] 37 
241 9979 9998) 5539] 0000] 9799] 36 § 


25 10.997912.00991).9986]2.096C]).999112.2033)0. 2.345610. 9998)2.5584]1 000012. 9922) 35 | 
9979 9998] 56301 0000/3.0048] 34 | 


9986 9998| 5677] 0000) O177} 33 
9980 9998} 5724] 0000) 0311] 32 
9980 9998) 5771] 0000! 0449; 31 


9.9980)2.0164)). 2.1040) .9992)2.21:% . 9996]2.3599]0.9999|2.5819}1 .0000/3.0591] 30 | 


9980 9999} 5868} 0090, 0739; 29 
9980 9999} 5917 OVUU0C} 0891) 28 
9980 9999; 5967; 0000) 1049) 27 
9980 9999) 6017] OO000; 1213) 26 
0.9981/2. 2 1.0000/3.1383] 25 | 
9981 9999} 6119) 0000) 1561] 24 
998] 9999} 6171) 0000} 1745) 23 | 
998] 9999] 6224) 0000; 1938) 22 § 
9981 9999} 6277; 0000; 2140) 21 § 


1]1.0000|/3.2352) 20 f 


9981 9999} 6386] 0000) 2575] 19 
9981 9999} 6441] 0000] 28106} 18 
9982 9999} 6497} 0000} 3058) 17 


“9982 9999} 6554) OCOO] 3322) 16 


—————— OO ee | J | J | J | J 


0.9999|2.6611]1. 0000/3. 3602) 15 | 
9999] 6670] 0000] 3901] 14 f 
9999| 6729] 0000} 4223] 13 § 
9999] 6789] 0000] 4571] 12 

9999| 6850] 0000] 4949] 11 § 


- 0000/3 .5363} 10 § 


_ 


9999| 6974] 0000] 5820] 9 
9999} 7037| 0000] 6332] 8 
9999} 7101] OO00} 69121 7 } 
9999| 7167] OO00C] 75811 6 
AD .9999]2.723311.0000/3.8373| 5 
9999} 7300} OO00C] 93421 4 | 
9999} 7369] 0000/4.0592| 3-5 
9999} 7438] 0000) 2352] 2 
9999} 7509] 0000] 5363] 1 § 
9999] 7581} 0000 0 | 
°C Tor. T.| Log. 8. |Log. T.] Low. &. |Log. T,| Log. S. | bog. T.| M 
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138 TAPLE XXXIL. 
LOGARITAMS OF THE FIRST AND SECOND CORRECTIONS. 


—— Sah StS EEN eee 
Che First Correction is alwys to be taken from the Top, and also the Second, when the Apparent Distance is greater than 90°. 
mea he teh sata tal ite td ANID BR AEB I So ESS SEES 2S Yl LAY NRE MSS 5S 


2 DEGREES. 


—_— 


Ss. . Bos 9’ 
0) “,0197|1- 1.0223|1.0248 
] 0198! 0223 
9 0198} 0224 
34 0199} ‘0224 
4 0199 ‘ 
5 1.02001.0225 
5 0200) 
7 0200, 
8 0126) 0151 0201 
9 O12 70151 0201 
-O126]1.0151|1. 1.0202|1 0227 
11 OL AOLS? 0202 
12 0127) 0152 0202 
le 012&| 0153 0203 
14 0128 0153 __ 0203) 0229 
15 1.0153}1. 
16 0154 0204 
lv 0154 0205 
18 0155 0205 
19 0155 0208 
-0156)1. 
, 0156) - 0207 


0156 0207 
0157 
0157 

01581. 
0158 
0158 
0159 
0159 


0160 
0161 
0161 
0161 


0087 
0087 


ae 
0165 
016° 


0169 
0169 
0169 
0170 
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teres the erat Distance is less than 90°, the Second Correction 18 to be taken from the Bottom. 
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LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


——$—S—$ 
The First Correction is alwys to be taken from the Top, and also the Second, ) when the Apparent Distance is greater than 902 


——- -.- 


2 DEGREES. 

17 eks. 219" | 20° he. 32" 
.0431]1.0458]1 .0484]1.0512)1.0539|1. 0566)1. | 
0432] 0458} 0485] 0512 0567| 0594] 59 

0326] 0353} 0379 0432] 0459} 0485} 0512 0567 


0327] 0353] 0379 0433} 0459) 0486) 0513 0568 
0327} 0353] 0380 0433} 0460) 0486) 0513 0568 


a a fe ff ef "ff eee 


-0328)1 0354/1 .0380/1. . 0434/1 .0460)1.0487/1.0514/1.0541]1.0568I1. 
0328} 0354; 0381 0434) 0461; 0487) 0514) 0541) 0569 
0329} 0355) 0381 ‘0434; 0461} 0488} 0515) 0542) 0569 
0329) 0355) 0381 0435} 0462) 0488) 0515} 0542! 0570 
0329} 0356) 0382 __ 0435 0462} 0489) 0516) 0543] 0570 


1.0304]1.0330]1.0356|1 .0382/1.0409 1.0462|1.0489]1.0516/1.054311. 0571]1.0598 
0304; 0330) 0356} 0383 “0436 0463} 0489) 0517) 0544) 0571 
0305} 0331) 0357; 0383 0437} 0463) 0490} 0517) 0544) 0572 
0305} 0331) 0358) 0384 0437| 0464) 0490) 0517) 0545) 0572 
__ 9306 0332) 0358 0384) 0410 0438) 0464) 0491; 0518) 0545} 0573 


1.0332|1.0359|1 .0384 | .0438]1.0465}1 04911 .0518)1.0546]1 .0573/1.0€01 
0333) 0359} 0385 0438} 0465) 0492) 0519! 0546] 0573) 0601 
0333) 0360} 0385 0439} 0466) 0492) 0519) 0546} 0574) 0602 
0333} 0360} 0386 0439} 0466} 0493) 0520) 0547) 0574) 0602 
0334) 0361{ 0386 0440) 0466] 0493) 0520) 0547| 0575) 0602 


1.0334|1.0361|1 .0387|1. - 0440/1 .0467)1 .0493)1.0521]1 .054811 .0575)1 .0603 

0387 0440) 0467; 0494; 0521) 0548] 0576) 0603 

0362! 0388 0441} 0468) 0494) 0521; 0549) 0576) 0604 
0362} 0388 0441} 0468} 0495) 0522) 0549) O577| 0604 

0362} 0388 0442} 0469; 0495) 0522) 0550) 0577) 0605) § 

0442/1 .0469}1 .0496)1 .0523/1.0550/1 .0578]1 . 0605 

0442) 0470) 0496} 0523) 0551) 0578) OB806E} : 

0443) 0470) 0497} 0524) 0551) 0579) O60E| : 

0443} 0470) 0497) 0524} 0552) 0579]. 0607 

0444; 0471) 0498) 0525) 0552) 0579} 0607 


04441 .0471|1.0498]1 .0525|1 .0552)1. 0580/1. 
0445) 0471) 0498) 0526} 0553) 0580 
0445} 0472) 0499) 0526) 0553) 0581 
0446] 0472) 0499) 0526) 0554] 0581 
__ 0446 0472); 0500) 0527; 0554) 0582 

Sere on arcace 


[1 .0473]1.0500|1 .0527]1.0555/1.0582|1.0610] 25 
“0447 0474) 0501) 0528} 0555) 0583 
0447| 0474) 0501] 0528) 0556) 0583 
0448! 0475) 0502} 0529} 0556] 0584 
0448) 0475} 0502) 0529) 0557| 0584 


04491 .0475]1.0502/1.0530]1.0557|1.0585|1.061 

0449) 0476 0531} 0557) 0585 

0450) 0476 3} 0531; 0558) 0585 

0450) 0477 0531} 0558] 0586 , 
0450) 0477 : 0532) 0559] O586| 0614 


.0505|1 .0532|1.0559]1.0587]1.0614] 15 | 
“0451 “0478 0505] 0532} 0560) 0587) ) 
0452} 0479) 0506) 0533} 0560) 0588) 0615) 13 § 
0452} 0479) 0506} 0533) 0561} 0588) 0616) 12 
0453) 0480) (0507| 0534) 0561] 0589) 0616) 11 | 


. 0453/1 .0480]1.0507|1 .0534]1 .0562/1.0589|1.0617| 10 | 
0454) 0480) 0507} 0535) 0562} 0590) 0617 
0454} 0481} 0508} 0535) 0562) 0590) 0618 
49} 0375 0454; 0481) 0508) 0536) 0563! 0591} 0618 
0323 349} 0375 0455) 0482) 0509) 0536) 0563) 0591) 0619) 


7 55 |1.0323/1.0349)1 .0376)1 .0402)1 .0429]1 .0455}1.0482)1 .0509]1 .0536)1 .0554/1.0591]1 .0619 
0324 f 0376 0456} 0483) 0510) 0537) 0564) 0592) 0620 
0324 0377 0456} 0483} 0510} 0537) 0565) 0592) 0620 
0325 0377 0457} 0484) 0511] 0538) 0565) 0593) 0621 
0325 0377 0457| 0484) 0511) 0538 0566; 0593) 0621 
0326 0378 — 0484; 0512) 0539) 0566) 0594] 0621 


47 | 45] 44° 7 43 FP at 405 eo Pee ica P36, 
7 DEGREES. 


13’ 14' 15° 
1.0300}1.0326|1 .0352|1.0378|1.0405 
0326} 0352) 0378 


seis 


— 


nt 


L-0310]1. 
O311 0363} 0389 
0311 0/63) 0390 
0364; 0390 
0364) 0391 


0365} 0392 
0366} 0392 
0366) 0392 
_ 9366 0393 


0367 “0394 “0420 
0368) 0394) 0421 
0368} 0395] 0421 

0369} 0395) 0422 


0370) 0396 
0370} 0396 
0370) 0397 
0371) 0397) 0 


0372 "0398 
0372} 0399 
0373) 0399 
0373 0399) 
.0374]1.0400 


0374 
0374 


io) 
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When the Apparent Distance is less than 909, the Second Correction is to be taken from the Bottom, 
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LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 
The First Correction is always to be taken from the Top, and also the Second, when the Apparent Distance is greater than 90°, 


2 DEGREES. 


32° | 33' | 34" 35' 
1.085011 . O880]1.0909]1.0939} 60 | 
08511 O880} 0910] 0940} 59 | 
0851} 0881! 0910} 0940} 58 


28' | 29° 
On -0678|1.0706|1.0734]1.0763|1.079Q)1. 
0678| 0706 0735} 0763] 0792] 0821 
06781 0707} 0735| 0764] 0793] 0822 
0679| 0707| 0736! 0764] 0793! 0822} 0852} 0881] 0911] 0941] 57 4 
0679| 0708] 0736] 0765} 0794] 0823] 08521 0882} 0911] 0941] 56 


ee | a ef | ff | ft 


.0680|1 .O708]1.0737/1.0765]1.0794]1. 0823]1 .0853]1. 0882/1 .0912)1.0942] 55 
0680| 0709} 0737] 0766] 0795] 0824} 0853}. 0883}. 0912} 0942) 54 § 
0681; 0709] 0738} 0766} 0795} 0824} 0854} 0883] 0913] 0943} 53 § 
0681} 0710| 0738) 0767} 0796} 0825] 0854! 0883) 0913] 0943}*52 
0682} 0710] 0739] 0767} 0796) 0825] 0855} 0884} 0914} 0944] 51 


0682/1 .0711|1.0739]1.0768]1.0797/1.0826l1 .0855]1.0884]1.0914]1.0944] 50 ' 
0683} 0711] 0740! 0768} O797| 0826] 0855} 0885} 0915} 0945} 49 § 
0683| 0711] 0740} 0769] 0798! 0827] 0856} 0885) 0915} 0948) 48 
0684] 0712) 0740) 0769} 0798] 0827} 0856) O886| 0916] 0946) 47 | 
0684| 0712} 0741] 0770} 0799} 0828} 0857} 0886) 0916} 0946) 46 & 


0685/1 .0713/1.0741|1.0770|1.0799]1 . 08281 .0857|1.0887|1 .0917|1.0947] 45 | 
0685| 0713] 0742) 0771] 0800] 0829] 0858} 0887} 0917} 0947} 44 } 
0686} 0714} 0742) 0771] O800] 0829} 0858} 0888} 0918} 0948] 45 

0686| 0714} 0743} 0772} O801| 0830) 0859} 0888] 0918} 0948} 42 
0686} 0715} 0743! 0772) 0801) 0830) 0859} 0889} 0919} 0949) 41 


ef es | [| 


.0687|1.0715|1 .0744/1.0773]1 .0801/1 .0831]1.0860}1 .0889]1 .0919]1.0949) 40 | 
0687| 0716) 0744} 0773) 0802} 0831; 0860} 0890} 0920} 0950} 39 
0688! 0716) 0745} 0774) 0802) 0832) 0861} 0890) 0920; 0950) 38 y 
0688] 0717} 0745) 0774} 0803} 0832} 0861; 0891] 0921] 0951] 37 § 
0689| 0717} 0746] 0774] 0803} 0833} 0862) 0891] 0921) 0951) 36 ; 


-0689|1.0718|1-0746|1.0775|1 .0804|! .U833|1 .0862/1 .0892)1. 1.0922|1.0952| 35 i 
0690! 0718] 0747} 0775} 0804} 0834} 0863} 0893} 0922) 0952) 34 
0690| 0719] 0747) O776} 0805) 0834} 0863} 0893) 0923} 0953) 33 & 
0691) 0719) 0748 Ales 0805} 0834; 0864) 0894) 0923} 0953) 32 
0691} 0720} 0748] O777| 0806) 0835) 0864) 0894} 0924) 0954] 31 


. 0663/1 .0692|1 .0720|1.0749]1. cali 08061 .0835|1 . 0865/1 .0895|1 .0924]1.0954| 30 
0721; 0749] O778| 0807} 0836) 0865) 0895} 0925} 0955) 29 
0721] 0750] O778| 0807; 0836} O866} O896} 0925} 0955) 28 
0693] 0721} 0750} 0779) 0808) 0837) 0866) 0896) 0926! 0956) 27 
0694| 0722) 0751! 0779} 0808} 0837} 0867; O897| 0926) 0956) 26 


-0729|1.0751/1.0780|1 .0809|1 .0838]1 .0867|1. 1.0897|1.0927|1.0957] 25 
0694| 0723) 0751); 0780| 0809; 0838) 0868} 0898) 0927] 0957) 24 
0695} 0723] 0752) O781} 0810} 0839} O868} 0898} 0928} 0958) 23 
0695| 0724| 0752) 0781; 0810) 0839} 0869; 0899} 0928; 0958) 22 
0696| 0724} 0753} 0782] 0811} 0840; 0869} 90899) 0929} 0959) 21 


.0668]1 .0696|1.0725]1 .0753]1.0782/1 .0811]1.0840}/1 .0870}1.0899/1 .0929}1.0959) 20 
0697| 0725) 0754) 0783] 0812) 0841) 0870; 0900) 0930; 0960) 19 
0697; 0726) 0754) 0783) 0812) 0841; 0871; 0900) 0930; 0960; 18 
0726| 0755} 0784} 0813] 0842} O871) 0901} 0931} 0961) 17 
O727| ©755| 0784) 0813] 0842) 0872) 0901; 0931] 0961) 16 


.0699/1 .0727)1.0756)1 .0785|1.0814)1. 0843]1 .0872|1 .0902/1.0932]1.0962] 15 
0699} 0728] 0756) 0785) 0814) 0843! 0873) 0902) 0932) 0962) 14 
0700] 0728) O757| 0786) 0815; 0844) 0873) 0903) 0933] 0963) 13 
0700} 0729} 0757) O786) 0815) 0844) 0874) 0903} 0933} 0963) 12 
0701} 0729} O758| O787| 0816} 0845) 0874; 0904; 0934} 0964) 11 


1.0701|1 .0730|1.075811.0787|1 .0816|1.0845|1.0875|1.0904|1.0934|1.0964] 10 
0702) 0730) 0759) 0O787| 0816) 0846) 0875) 0905) 0935) 0965) 9 
0702} 0730) 0759} 0788) 0817; 0846} O876| 0905) 0935) 0965 
0703} 0731| 0760) 0788) 0817} 0847; 0876; 0906) 0936) 0966 
0703} 0731] 0760} 0789} 0818) 0847 0906) 0936} 0956 


1 .0703/1.0732)1 .0761|1 .0789|1 .0818|1 .0848|1 .0877|1.0907|1.0937|1. 
0704; 0732| 0761; 0790) 0819; 0848 0907 
0704} 0733] 0762) 0790) 0819} 0849 0908 
0705) 0733) 0762) 0791; 0820) 0849 0908 
0705) 0734] 0762) 0791) 0820) 0850 0509 
0706} 0734] O763} 0792! 0821] 0850 0909 
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When the Apparent Distance is Jess than 90°, the Second Correction is to be taken from the Bottom. 
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TABLE XXXII. 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 
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he First Correction is always to be taken from the Top, and also the Second, when the Apparent Distance is greater than 90°. 
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When the Apparent Distance is ess than 90°. the Second Correction is to be taken from the Bottom. 


15° | 


ped 38’ Al 42' 
1.09991 .1030]1.106 -1123]1.1154)1.1186]1.1217 
1000} 1030 1123] 1154 

1000} 1031 1124, 1155 

1001} 1031 11241 1156 

1001} 1032 1125) 1156 
1002}1.103211. ~1125)1.1157]1.1188)1. 
1002} 1032 1126) 1157 

1003} 1033 1126} 1158 

1003} 1034 1127; 1158 

1004} 1034 1127) 1159 
-1004)1.1035}1. 1128)1.1159]1.11911)1 
1005} 1035 1128) 1160 

1005} 1036 1129) 1160 

1006] 1036 1129) 1161 

1006} 1037 1130) 1161 
1007|1.1037!L. 1130|1.1162/1.1193}1. 
1007| 1038 1131} 1162 

1008} 1039 1131] 1163 

1008} 1039 1132] 1163 

1009} - 1040 1132) 1164 
.1009]1.1040}1. 1133]1.1164!1.1196)1 
1010) 1041 1134) 1165 

1011); 1041 1134) 1165 

1011} 1042 1135} 1166 

1012} 1042 1135) 1167 
.1012]1.1043}1. 1136)1.1167)1.1199)1 
1013} 1043 1136} 1168 

1013) 1044 1137} 1168 

1014) 1044 1137] 1169 

1014} 1045 1138] 1169 
-1015)1.1045}1. 1138]1.1170]1.1201|1.1233|1.126 
1016} 1046 1139] 1170 

1016} 1046 1139} 1171 

1017| 1047 1140) 1171 

1017| 1047 1140} 1172 
1018|1.1048/1.1079]1.1110|1.1141|1.1172)1. 1204/1. 1236/1.1268)1. 
1018} 1048 P41 al73 

1019} 1049 1142) 1173 

1019} 1049 1142) 1174 

1020) 1050 1143} 1174 
1020}1.1050)1. ~1143]1.1175/1. 

1021} 1051 1144) 1175 

1021} 1051 1145) 1176 

1022) 1052 1145)5 4177 

1022} 1052 1146] 1177 
-1023]1.1053/1. -1146)1.1178}1. 
1023]. 1053 LTA eI 7S 

1024; 1054 1147] 1179 

1024) 1054 1148} 1179 

1025} 1055 1148} 1180 
.1025}1.1055|1. -1149/1.1180}1. 

1026} 1056 1149} 1181 

1026} 1056 1150} 1181 

1027| 1057 1150} 1182 

1027| 1057 1151] 1182 
.1028]1.1058]1. ~1151}1.1183]1. 

1028} 1058 1152} 1183 

1028} 1059 1152) 1184 

1029; 1060 1153} 1184 

1029} 1060 1153} 1185 

1030} 1061 1154] 1186 
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142 TABLE XXXII. 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


iThe First Correction is always to be taken from the Top: and also the Second, when the Apparent Distance is greater than 90°. 


2 DEGREES. 
49’ 50’ 51° 52 53’ 54! 55 56’ 57’ 
138011 .1413|1.1447|1.1481|1.1515/1. 154911. 158411 .1619|1.1654]1 
1381} 1414] 1447) 1481) 1515) 1550! 1584) 1619) 1654 
1381] 1414] 1448! 1482) 1516] 1550) 1585! 1620] 1655 


1382} 1415; 1449) 1482) 1516) 1551} 1585) 1620} 1655 
1382) 1416) 1449) 1483} 1517) 1551) 1586) 1621] .1656 


1.1350|1.1383]1.1416]1.1450|1. 1483]1.1518]1.1552/1.1587/1.1621|1. 1657/1. 
1350) 1383) 1417) 1450) 1484) 1518) 1552; 1587} 1622) 1657 
1351} 1384) 1417; 1451) 1485) 1519) 1553) 1588] 1623] 1658 
1351) 1384) 1418} 1451) 1485) 1519) 1554] 1588! 1623] 1658 
1352) 1385} 1418) 1452) 1486) 1520) 1554! 1589) 1624] 1659 


.1419|1.1452/1.1486]1.1520|1.1555|1.1589|1. 1624/1. 1660)1 
1353} 1386} 1419) 1453} 1487; 1621] 1555} 1590) 1625] 1660 
1354) 1387); 1420} 1454) 1487] 1522) 1556} 1591| 1625) 1661 
1354; 1387} 1421) 1454) 1488] 1522) 1556) 1591) 1626] 1661 
1355} 1388) 1421} 1455) 1489] 1523] 1557} 1592) 1627) 1662 


1.1388|1. 1422)1.1455]1.1489]1. 1523/1. 1558|1.1592/1.1627|1.1663|1.16¢ 
1356 1389} 1422) 1456; 1490) 1524) 1558) 1593) 1628} 1663 
1356} 1389} 1423] 1456} 1490) 1524] 1559] 1593] 1628) 1664 
1357) 1390) 1423} 1457; 1491] 1525} 1559] 1594] 1629] 1664 
__ 1357) 1391), 1424) 1458) 1491) 1526) 1560} 1595) 1630] 1665 


1424/1. 1458]1.1499]1.1526/1.1561|1.1595|1.1630|1.1665|1. 
1359 "1392 1425) 1459} 1493) 1527| 1561) 1596} 1631] 1666 
1359} 1392) 1426) 1459) 1493] 1527] 1562! 1596) 1631] 1667 
1360) 1393) 1426] 1460) 1494 1528) 1562) 1597) 1632) 1667 
1360} 1393} 1427] 1460} 1494) 1528] 1563} 1598) 1633] 1668 


1.1394|1.1427/1.1461|1.1495|1. 1529/1. 1563/1. 159811. 1633/1. 16681. 
1394; 1428} 1461) 1495) 1530} 1564; 1599! 1634) 1669 
1395, 1428) 1462) 1496; 1530) 1565) 1599} 1634) 1670 
1396) 1429) 1463) 1496 1531} 1565) 1600) 1635) 1670 
1396) 1429) 1463) 1497) 1531) 1566) 1600) 1635 1671} 170 


1464]1.1498]1.1532/1.1566/1.1601|1.1636]1.167 
1397} 1431) 1464) 1498; 1532} 1567) 1602) 1637) 1672 
1398} 1431) 1465) 1499} 1533) 1567; 1602) 1637) 1673 
1398; 1432) 1465} 1499) 1534) 1568} 1602] 1638] 1673 
1399} 1432) 1466) 1500) 1534) 1569) 1603! 1638] 1674 


.1399]1.1433]1.1467|1.1500|1.1535|1.1569|1.1604|1.1639|1. 1675|1. 
1400} 1433) 1467) 1501; 1535; 1570} 1605; 1640) 1675 
1401); 1434) 1468) 1502) 1536) 1570) 1605) 1640] 1676 
1401; 1435} 1468) 1502) 1536) 1571] 1606] 1641] 1676 
_ 1402 1435} 1469} 1503} 1537) 1571) 1606) 1641 LAA ed 


.1538]1.1572|1.1607|1.164 

1538] 1573) 1607 ae 
1539} 1573} 1608 1678 
1539| 1574) 1609 1679 
1540} 1574} 1609 1680 


.1506]1.1540}1.1575|1.1610]1.1645)1. 1680)1. 
1507; 1541} 1576) 1610) 1645! 1681 
1507; 1542) 1576) 1611) 1646} 1681 
1508} 1542) 1577| 1612} 1647) 1682 
1508} 1543) 1577) 1612) 1647] 1683 


-1407/1.144111. -1509]1.1543/1.1578)1. -1648)1.1683)1. 
1408) 1442 1510 1578 
1408} 1442 1510 1579 
1409} 1443 1511 1580 
1409} 1443 151i 1580 


-1410]1.1444]1.1478|1. 1512)1.1546]/1.1581/1.16 -1651]1.1686). 
1411] 1445) 1478) 1512) 1547) 1581 1651} 1687 
1411), 1445) 1479) 1513] 1547] 1582 1652) 1687 
1412) 1446] 1479) 1514] 1548} 1582 1652) 1688 
1412} 1446) 1480} 1514) 1548] 1583 1653] 1689 
1413] 1447| 1481} 1515| 1549] 1584 1654; 1689 
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"TABLE XXXIL. 143 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


he First Correction is always to be taken from the Top. and also the Second, when the Apparent Distance is greater then 902%} 


38 DEGKEEKS. 
2’ 3 4’ 5’ 6! 7 8’ i 10’ 1’ 
1.18341. 1.1871|1.1908/1.1946]1. 1984/1 .2022/1.2061]1.2099|1 .2139|1.2178] 60 | 
1835] 1871] 1909) 1946} 1984] 2023} 2061] 2100) 2139} 2179] 59 
1835, 1872) 1909) 1947) 1985) 2023) 2062) 2101} 2140) 2180) 58 


1836) 1873) 1910) 1948) 1986) 2024) 2062) 2101) 2141); 2180) 57 
1836) 1873) 1911} 1948) 1986) 2025) 2063 _ 2102 2141) 2181] 56 } 


ae P| | | —— 


.1837|1.1874]1.1911/1.1949]1. 1987/1. 2025]1. 2064]1. 2103/1 .2142]1.2182] 55 | 
1838) 1875) 1912) 1950) 1987) 2026) 2064) 2103) 2145) 2182) 54 | 
1838} 1875} 1913} 1950) 1988) 2026) 2065) 2104) 2143] 2183) 53 § 
1839} 1876} 1913} 1951] 1989) 2027} 2066} 2105) 2144) 2184) 52 | 
1839] 1876} 1914) 1951) 1989) 2028) 2066) 2105) 2145) 2184) 51 # 


1.1840/1.1877|1.1914]1.1952]1.1990|1. 2028]1 .2067|1. 2106]1.2145]1.2185] 50 | 
1841} 1878} 1915) 1953) 1991) 2029) 2068) 2107; 214€) 2186) 49 
1841} 1878} 1916; 1953! 1991) 2030) 2068) 2107) 2147) 2186) 48 
1842; 1879} 1916) 1954) 1992) 2030) 2069) 2108) 2147) 2187) 47 | 
1843} 1880; 1917; 1955) 1993) 2031) 2070; 2109) 2148) 2188) 46 


1.184311. 1880|1.1918]1.1955]1.1994]1 . 2032/1. 2070]1.2109|1 .2149]1 2188] 45 
1844) 1881} 1918) 1956) 1994) 2032) 2071) 2110) 2149) g189) 44 | 
1844; 1881} 1919) 1956) 1995) 2033) 2072) 2111) 2150) 2190) 43 
1845} 1882) 1919) 1957; 1996) 2033) 2072) 2111) 2151) 2190} 42 
1846} 1883) 1920) 1958) 1996) 2034) 2073) 2112) 2151} 2191) 41 


.1846]1.1883]1.1921]1.1959|1. 1997/1. 2035]1.2073]1.2113]1.2152/1.2192 
1847} 1884) 1921) 1960) 1997) 2035) 2074) 2113] 2153) 2192 
1847) 1884] 1922) 1960) 1998) 2036} 2075) 2114) 2153) 2193) ; 
1848} 1885} 1923) 1961; 1998) 2037) 2075) 2115) 2154) 2194 
1849) 1886] 1923] 1962) °1999| 2037) 2076) 2115} 2155) 2194 


-1849}1.1886}1.1924/1 .1962/1.2000]1.2038/1.2077)1.2116]/1.2155)1.2195 
1850} 1887; 1924) 1963) 2000} 2039) 2078) 2116) 2156) 2196 
1850) 1888) 1925) 1963} 2001) 2039) 2079) 2117) 2157) 2196 
1851} 1888; 1926) 1964; 2001) 2040) 2079) 2118) 2157) 2197 
1852} 1889} 1926) 1964) 2002) 2041! 2080) 2118) 2158) 2198 


-1852)1.1889]1 .1927]1,1965)1.2003]1.2041]1.2080}1 .2119]1.2159]1.2198 
1853} 1890} 1928) 1965) 2003) 2042) 2081) 2120) 2159) 2199 
1854; 1891) 1928) 1966) 2004) 2042) 2081; 2120) 2160) 2200) 
1854] 1891; 1929]° 1967| 2005] 2042] 2082} 2121] 2161] 2200 
1855} 1892) 1929) 1967) 2005} 2044) 2083) 2122) 2161) 2201 


. 1856/1 . 1893/1 .1930|1.1968|1.2006|1 .2044)1 . 2083]1 . 2129/1.2162)1 .2202 
1857) 1893) 1931) 1968} 2007; 2045)- 2084) 2123) 2163) 2202 
1857; 1894) 1931) 1969) 2007} 2046) 2085) 2124) 2163) 2203 
1858} 1894} 1932) 1970; 2008} 2046} 2085) 2124) 2164) 2204 
1858} 1895) 1933) 1970; 2009} 2047) 2086) 2125) 2165) 2204 


| ef |] | | | | Ss SSS [J 


-1859/1.1896/1.1933]1.1971)1.2009/1 .2048)1 .2086)1.2126)1 .2165)}1 .2205 
1859) 1896) 1934) 1972) 2010) 2048] 2087; 2126) 2166) 2296 
1860} 1897) 1934] 1972) 2010} 2049} 2088! 2127) 2167; 2206) 
1860) 1898) 1935) 1973) 2011) 2050) 2088) 2128} 2167) 2207 
1861} 1898} 1936) 1974; 2012) 2050) 2089) 2128} 2168) 2208 


“45 |1.1788)1.1825]1. 1862/1. 1899/1.1936|1.1974]1.2012|1.2051|1 . 2090/1 .2129|1.2169]1 . 2208 
1862; 1899) 1937) 1975) 2013) 2052) 2090) 2130) 2169) 2209 
1863} 1900) 1938) 1975) 2014} 2052) 2091} 2130} 2170) 2210 
1863} 1901) 1938) 1976} 2014] 2053) 2092) 2131) 2170) 22.10 
1864) 1901) 1939) 1977) 2015} 2053) 2092} 2139) 2171) “2211 


“BO |L. 1791/1. 1828}1.1865]1.1902/1.1939|1.1977|t.2016|1 .2054|1. 209311. 2139]1.2172|1 2219} 1 
1865) 1903) 1940) 1978] 2016) 2055) 2094) 2133) 2172) 2212 
1866) 1903) 1941} 1979} 2017| 2055) 2094) 2134) 2173) 2213 
1867; 1904; 1941) 1979} 2017; 2056} 2095) 2134) 2174) 2214 
1867) 1904) 1942} 1980} 2018] 2057; 2096) 2135) 2174) 2214 


3 _| |__| —_—_  ] | | | | | | | - -E 


.1831]1.1868]1.1905|1.1949]1.1981|1.2019|1 .2057|1 .2096|1 .2136|1.2175|1.2215 
1868; 1906; 1943) 1981} 2019} 2058] 2097} 2136) 2176) 2216 
1869} 1906] 1944) 1982} 2020) 2059] 2098] 2137] 2176] 2216 
1870} 1907; 1944) 1982) 2021) 2059) 2098) 2137! 2177) 2217 
1870; 1908) 1945) 1983) 2021; 2060) 2099) 2138) 2178] 2218 
1871; 1908} 1946} 1984) 2022) 2061}; 2099) 2139] 2178) 2218 
57, | 56 | 55 | 54 | 53° | 52 | 51 | 50 | 494 48" 
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When the Apparent Distance is ess than 90°, the Second Correction is to be taken from the Bottom. 


144 TABLE XXXII. 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 
The First Correction is always to be taken fror the Top, and also the Second, when the Apparent Distance is greater than 90°. 
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When the Apparent Distance is dess than 90°, the Second Correction is to be taken from the Bottom. 


TABLE XXXII, 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


[Che First Correction is a/wsys to be taken from the ‘Top, and also the Second, when: the. Apparent Distance i is greater than 90°. 
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3 DEGREES. 
Bese et) ) 28 faeeo spe esO Py) 31% [Barb ps aM esa | i735 
2821]1.2868]1.2915]1 .2962}1.3010|1 . 3059/1 .3108]1.3158]1 .3208]1.3259] 60 
2822| 2869) 2916] 2963] 3011] 3060} 3109] 3158] 3209] 3259] 59 | 
2823} 2869) 2916] 2964} 3012] 3060] 3110] 3159] 3209} 3260] 58 
2824} 2870, 2917] 2965} 3013] 3061} 3110} 3160] 3210] 3261] 57 | 
2825] 2871] 2918, 2965} 3014) 3062] 3111] 3161} 3211] 3262] 56 
2825/1 .2872|1.2919|1 .2966|1 .3014|1.3063|1.311211.3162|1.3212|1.3263) 55 
2826| 2873| 2920) 2967| 3015} 3064] 3113] 3163] 3213] 3264] 54 
2827} 2873/ 2920] 2968} 3016] 3065} 3114] 3163| 3214] 3265] 53 | 
2828} 2874) 2921} 2969} 3017] 3065] 3114] 3164] 3214] 3265] 52 
2828] 2875| 2922} 2969} 3018] 3066] 3115] 3165] 3215| 3266) 51 
2829/1. 2876]1 .2923|1.2970|1.3018]1.3067]1.3116|1. 31661 .3216|1.3267| 50 | 
2830| 2876) 2924} 2971] 3019] 3068} 3117| 3167] 3217| 3268) 49 
2831] 2877| 2924) 2972! 3020] 3069} 3118| 3168] 3218] 3269] 48 
2831} 2878} 2925] 2973) 3021] 3069] 3119] 3168] 3219] 3270] 47 | 
2832} 2879] 2926) 2973] 3022] 3070] 3119] 3169] 3220] 3270) 46 
1 .2833]1. 2880|1 .2927]1.2974|1 . 3022/1. 3071]1.3120|1.3170|1 .3220]1 .3271] 45 
2834} 2880] 2927] 2975} 3023] 3072} 3121) 3171] 3221] 3272] 44 
2835] 2881] 2928) 2976] 3024] 3073] 3122| 3172] 3229] 3273) 43 
2835| 2882} 2929] 2977| 3025] 3073] 3123) 3173] 3223} 3274] 49 
2836] 2883] 2930] 2977| 3026] 3074] 3124] 3173] 3224] 3275] 41 
28371 .2883]1.2931]1.2978|1.3026|1.3075|1.3124/2.3174)1 .3225|1.3276) 40 
2838| 2884] 2931] 2979| 3027| 3076] 3125] 3175] 3225] 3276| 39 
2838| 2885] 2932) 2980] 3028} 3077] 3126] 3176| 3226] 3277! 38 | 
2839| 2886] 2933] 2981] 3029| 3078] 3127| 3177] 3227] 3278| 37 
2840} 2887| 2934] 2981} 3030] 3078} 3128] 3178] 3228] 3279) 36 
2841/1 .2887|1.2935|1 .2982/1 .3030]1.3079]1 .3129]1 .3178]1.3229|1.3280) 35 | 
2841} 2888] 2935] 2983] 3031| 3080] 3129} 3179) 3230} 3281] 34 | 
2842} 2889) 2936] 2984) 3032} 3081) 3130] 3180] 3231| 3282] 33 
2843} 2890) 2937) 2985) 3033] 3082) 3131} 3181] 3231] 3282] 32 
2844] 2891) 2938] 2985] 3034] 3082) 3132] 3182] 3239) 3283] 31 
2845/1 .2891]1.2939|1 . 2986]1 .3034|1 . 3083/1. 313211 .3183]1.3233|1.3284| 30 | 
2845| 2892} 2939] 2987] 3035] 3084) 3133] 3183] 3234] 3285) 29 | 
2846| 2893} 2940] 2988] 3036] 3085] 3134] 3184] 3235] 3286] 28 
2847| 2894] 2941) 2989| 3037] 3086) 3135] 3185] 3236] 3267| 27 | 
2848] 2894] 2942] 2989} 3038] 3087] 3136] 3186] 3236] 3288] 26 
2848|1 .2895]1 2942/1 .2990|1.3039|1.3087]1.3137|1.3187|1.3237|1. 3288) 25 
2849| 2896] 2943} 2991] 3039] 3088} 3138] 3188] 3238| 3289] © 
2850} 2897| 2944} 2992] 3040] 3089| 3138] 3188] 3239] 3290) 23 
2851} 2898] 2945} 2993] 3041) 3090] 3139] 3189] 3240| 3291] 22 
2852| 2898} 2946] 2993] 3042} 3091) 3140] 3190] 3241) 3299] 21 
1.2852/1. 2899/1 .2946|1.2994|1.3043]1.3091|1.3141]1.3191|1.324911.3293| 20 
2853} 2900) 2947} 2995! 3043} 3092] 3142| 3192] 3249] 3294] 19 
2854} 2901] 2948) 2996] 3044] 3093) 3143] 3193] 3243] 3294] 18 
2855| 2901] 2949' g997/ 3045 3094 3143! 31931 3244] 3295] 17 
2855| 2902} 2950, 2997\ 3046; 3095; 3144, 3194, 3245/ 3296] 16 
. 2856|1 .2903|1 .2950|1. 2998)1.3047|1 .3096]1.3145]1.3195|1.3246|1.3297| 15 
2857; 2904} 2951] 2999} 3047] 3096) 3146] 3196] 3247] 3298] 14 
2858} 2905] 2952} 3000] 3048] 2097] 3147} 3197] 3247| 3299] 13 
2859} 2905] 2953} 3001) 3049] 3098] 3148] 3498] 3248] 3200} 12 
2859} 2906] 2954) 3001] 3050} 3099} 3148} 3198} 3249] 3200) 11 
- 2860|1 .2907|1.2954|1.3002|1.3051|1.3100|1. 3149/1 .3199|1.3250|1.3301| 10 
2861} 2908} 2955] 3003] 3052] 3101] 3150] 3200] 3251] 3304 9 
2862} 2909] 2956] 3004] 3052] 3101] 3151] 3201] 3259] 3303] 8 
2862} 2909] 2957] 3005 3053] 3102} 3152] 3202] 3253] 3304 7 
2863} 2910} 2958] 3005] 3054} 3103) 3153] 3203) 3253) 3305] 6 
. 2864|1.2911|1.2958]1 .3006|1 .3055|1.3104]1.3153]1.3204]1.325411.3306) 5 
2865; 2912} 2959] 3007| 3056] 3105] 3154] 3204] 3255| 3306] 4 
2866] 2912] 2960] 3008] 3056, 3105] 3155} 3205] 3256) 3307| 3 
2866} 2913] 2961] 3009} 3057| 3106] 3156] 3206] 3257| 3308] 2 
2867; 2914} 2962] 3009 3157/3207] 3258} 3309] 1 
2868} 29151 29621 3010 3158} 3208] 32591 3310) 0 
35, | 34°] ad. 11432) fared | SSD peo les 28 [y GaT ep eee mines | 2tyes 


When the Apparent isan is less than 90°, the Second Correction! is to be taken from the Bottom. 


6 DEGREES. 


146 TABLE XXXII. 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 
eee 
The First Correction is always to be taken from the Top, and also the Second, when the Apparent Distance is greater than 90°. 


4 38 DEGREES. 
41’ | 49° | 43° 


33’ 39’ 


3577| 3633) 3689 
3578) 3634| 3690 
3579) 3635] 3691 
5| 3580) 3635) 3692 


3416} 3470 
3417) 3471 
3418) 3471 


| | | | pee a se | ff ee 


3419/1. 3472/1. 3526/1. 3581/1. 3636|1.3693 


5 |L.3314/1.3366)1 3924) 55 

6 3315| 3367| 3420) 3473) 3527| 3582) 3637) 3694 3926] 54 § 

7 3316| 3368) 3421) 3474) 3528) 3583) 3638) 3695 3921) 53 | 
3422) 3475} 3529) 3584) 3639) 3695 3927) 52 | 


392¢ 


3423] 3476 3585) 3640] 3696 


TO IL- 331911. 33711. 3423]1.3477|1.3531/1.3586]1 .3641)1 .3697 

3424| 3478 
3425} 3479 
3426| 3480 
3427| 3480 


3930 


Detiess eee: eae | CS a a eseeeerel (ERE Re | So GY De ae (Pe = 


. 3323|1.3375|1.3428/1.3481]1.3535]1 3590/1. 3646/1 .3' RS ° : 1.3934) 45 
3324| 3376} 3429} 3482} 3536) 3591) 364 387€| 3935) 44 | 
3325) 3377| 3430) 3483] 3537) 3592) 3648 j : 3936) 43 | 


3325] 3378 
3326) 3379 


3431} 3484 


3593} 3649 ’ ) : 3937) 42 § 
3431] 3485) 3539 


3594) 3649 9} 3938 


TIL. 3379/1. 3432/1. 3486/1. 3540)1.2595|1. 3650/1. 3707/1. 1.3939) 40 
3328] 3380] 3433} 3487} 3541] $595) 3651 5 3940] 39 
3329] 3381) 3434] 3488! 3542) 3597, 3652 } 6B82Z3i° Se 3941] 38 
3330} 3382) 3435} 3488] 3543] 3598) 3653 3942) 37 
3331| 3383] 3436] 3489) 3544) 3598 3943) 36 

3437/1 .3490|1.3545)1.3599/1. 1.3944] 35. 
3438] 3491) 3545) 3600 3945) 34 
3438] 3492) 3546) 3601 3946) 33 

3493] 3547| 3602 3947] 32 


3603 


ee} 


344111. 3495/1. 3549]1 3604/1 .3660)1. 1.3949] 30 
3442] 3496] 3550) 3605 3950] 29 
3443] 3497) 3551] 3606 3951] 28 | 
3444] 3498] 3552) 3607 3952) 27 
3445| 3499] 3553] - 3608 3953] 26 
344611 .3500|1.3554/1.36U9]1 39541 95 
3446} 3501} 3555} 3610 3955| 24 
3447| 3502) 3555} 3610 3956] 23 § 
3448] 3503) 3556} 3611 3957| 22 
3449] 3504, 3557| 3612 3958] 21 § 
AO |1.3345/1.339711. 3450/1. 3505]1 .3558}1.3613]1.3669)1. 3959] 20 
3398] 3451| 3506) 3559} 3614 3960) 19 
34521 3506| 3560} 3615 3961] 18 
3453| 3507| 3561] 3616 3962) 17 
3454, 3508] 3562| 3617 3963] 16 | 
3454/1. 3509/1. 3563]1.3618)1. 3964] 15 
3455| 3510| 3564 3619 3965| 14 § 
3456] 3511| 3565} 3620 3966] 13 
3457| 3512) 3565| 3621 396 


3622 


2 i a ee ) iene 


$459|1.3513|1.3567|1.3623}1. 3969} 10 
3460] 3514| 3568) 3623 3970| 9 
3461} 3515| 3569} 3624 3971] 8 
3462] 3516| 3570) 3625 39721 7 
3463] 3516] 3571) 3626 3973] 6 | 
3463/1.3517|1.3572|1.3627\1 3974] 5 
3464| 3518) 3573) 3628 3975] 4 
3465| 3519| 3574) 3629 3976] 3 
3466] 3520| 3575] 3630 3977) 2 
3467] 3521] 3576} 3631 3978) 1 
3468] 35221 3576! 3632 3979) 0 
Ss. 


——— | ———sn——————eeeeeeeeeerT Teo ea , f 
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6 DEGREES. 


ae ee 


_ ie —— . 
When the Apparent Distance is less than 90°, the Second Correction is to be taken from the Bottom. 


TABLE XXXIL 147 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


The First Correction is always to be taken from the ‘Top, and also the Second, when the Apparent Distance is greater than one. 


3 DEGREES. 

S. } 49° | 50 51’ | 52 53° | 54’ 57° | 58" 
© |1.3979/1.4040/1.4102]1.4164]1.4228]1.429211.4357|1.44241. 1 4559/1 .4629]1.469 
1 4041| 4103} 4165} 4229] 4293] 4358 4560] 4630 
2 4042} 4104] 4166] 4230! 4294] 4359 93] 4562] 4631 
3 4043| 4105] 4167] 4231| 4295} 4361 4565| 4632 
4 4044] 4106] 4168] 4232! 4296] 4362 4951 4564] 4633 

5 |1. 3984/1. 4045]1.4107/1.4169]1. 42: 

6 | 3985] 4046; 4108] 4171] 4234] 4298) 4364) 44: 4566| 4636 

7 | 3986| 4047| 4109] '4172| 4235] 4300] 4365 4567| 4637 

8 | 3987] 4048] .4110] 4173] 4236] 4301] 4366 4569| 4638 

9 | 3988] 4049| 4111] 4174) 4237) 4302) 4367 E 4570] 4639 i 
10 |. 3989/1 .4050/1.4119/1.4175]1.4238]1.4303/1.4368]1.4435|1. ; -4640)1. 


11 3990} 4051} 4113) 4176) 4239) 4304) 4369) 4436 
12 3991} 4052} 4114) 4177) 4240) 4305) 4370) 4437 
13 3992) 4053} 4115} 4178) 4241) 4306) 4372 
14 3993) 4054) 4116) 4179) 4243) 4307) 4373 


15 |1.3995|1.405511.4117|1.4180|1.4244|1 .4308|1 .4374]1 4440 
16 | 3936) 4056) 4118) 4181} 4245) 4309) 4375 
17 3997| 4058) 4119) 4182) 4246) 4310) 4376 
18 3998) 4059) 4120) 4183) 4247) 4311) 4377 
19 3999} 4060) 4121) 4184) 4248) 4313) 4378 


f 20 {1.40001 .4061|1.4122/1.4185|1.4249|1.4314]1. 4379/1. 4446 


21 4001} 4062) 4124) 4186) 4250) 4315} 4380 “4653 
22 4002) 4063) 4125) 4187) 4251) 4316) 4381 } 4655 
23 4003; 4064) 4126} 4188) 4252) 4317; 4383 | ©4656 

y 24 4004) 4065) 4127) 4189) 4253) 4318) 4384 4657 

§ 25 }1.4005)1.4066)1.4128]1.4191]1.4254]1.4319]1.4385)1.4452/1. Ls -4658)1. 
26 4000} 4067) 4129} 4192) 4255) 4320) 4386) 4453 4659 
27 4007} 4068} 4130) 4193) 4256) 4321) 4387| 4454 , 4660 
28 4008} 4069} 4131) 4194) 4258) 4322) 4388) 4455 4662 
29 4009) 4070} 4132) 4195) 4259] 4323) 4389] 4456 4663 
30 |I. 4010}1.4071 4071]1.4133|1.4196|1.4260]1 .4325|1 .4390|1.4457!1.4525 
31 4072) 4134] 4197] 4261] 4326] 4391] 4458) 

32 2} 4073) 4135) 4198) 4262) 4327) 4393) 4459 
33 3} 4074) 4136} 4199) 4263) 4328] 4394) 4460 4668 
34 ‘4075| 4137] 4200} 4264) 4329) 4395 4462) 4669 
35 |1.4015|1.4076|1.4138|1.4201|1 .4265]1 .4330|1.4396|1.4463 1.4600|1.4670|1.4741 
36 4016} 4077; 4139) 4202) 4266) 4331) 4397 ) 4601} 4671 
37} 4017) 4078} 4140) 4203) 4267] 4332) 4398 } 4602) 4672 

y 38 4018) 4079) 4141} 4204} 4268} 4333] 4399 4603} 4673 
39 4019) 4080} 4142) 4205} 4269) 4334] 4400} 4467 : 4604; 4675 
40 |1.4020/1.4081/1.4143]1.4206/1. rite 1.4335/1.4401]1.4468|1 .4536/1.4606|1 .4676|1.474' 
41} 4021) 4082) 4144) 4207) 427 4336} 14402) 4469 4607| 4677 
42 4022) 4083) 4145} 4209 See 4338} 4404) 4471 9} 4608) 4678 
43 | 4023) 4084) 4146) 4210) 4274) 4339} 4405) 4472 4609) 4679 
“44 4024) 4085} 4147} 4211) 4275} 4340} 4406) 4473 | 4610 stots RD Mla 
45 |1.402511.4086|1.4149 4149]1.4212/1.4276|1. 1.4341|1.4407|1.4474]1 4549 
46 26] 4087| 4150 4408) 4475 “4612 4683 
47 4088) 4151 4409} 4476 4614) 4684 
48 y 4089) 4152 4410| 4477 3} 64615) 4685 
49 ] 4090) 4153 4411} 4479 4616} 4686 
50 j1.4030/1.4091)1.4154]1.49217|1. .4346|1.4412/1.4480}1. 4617/1.4688)1. 
31 é 4092) 4155) 4218 4347; 4414; 4481 4618} 4689 
52 4093} 4156) 4219 4349} 4415] 4482 4619} 4690 
53 3} 4095) 4157, 4220 4) 4350) 4416) 4483 4621} 4691 
54 < 4096} 4158 _ A221) 42865 4351 tal] 4484) 4552 Sb» 4692 
05 {1.4035}. .4693)1.4768 
56 36 4098 “4160 4293 “4353 “4419 “4486 wee 4695 
a7 ‘ 4099} 4161) 4224 4354) 4420) 4488 4625] 4696 
58 4100) 4162) 4226 4355] 4421) 4489 4626) 4697 
59 : 4101) 4163), 4227 4356] 4422) 4490 4628) 4698 
60 0¢ 4102} 4164) 4228 ‘ 43571 4424 4629| 4699 
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When the Apparent Distance is dess than 90°, the Second Correction is to be taken from the Bottom. 
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. 148 TABLE XXXII. 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


he First Correction is always to be taken from the Top, and also the Second, when the Apparent Distance is greater than 90°. 


4 DEGKEES. 
7S. 0’ 1 2 2" 4! 5 6’ 7 8" hes 
j O 11.4771/1.4844]1.4918)1. 1.499411.5071 507111. "514911. 52: 522911.5310 531011.539311-5477 1.5563}1 
yo] 4772) 4845) 4920) 4995) 5072) 5150) 5230! 5311] 5394 5564 
vA 4774| 4847) 4921) 4997) 5073) 5152) 5231] 5313] 5395 5566 
a) 4775) 4848) 4922) 4998) 5075) 5153) 5233] 5314| 5397 5567 
4 4776| 4849) 4923) 4999) 5076| 5154! 5234 , 0315; 5398 5569 


————} -—__—_————— | ———_——_—_—_—_—_—_—__| --—_—— | | FE J | | | | 


5 |L.4777|1.4850}1 .4925)1.5000}1.5077)1.5156]1 .5235)1.5317/1.5400|1 .5484)1 .5570/1. 
6 | 4778) 4852) 4926) 5002) 5079} 5157} 5237) 5318} 5401 5572 
7 4780} 4853) 4927) 5003) 5080; 5158} 5238) 5320) 5402 5573 
8 | 4781) 4854) 4928) 5004) 5081) 5160} 5240) 5321) 5404 5575 
9} 4782) 4855) 4930) 5005) 5082) 5161) 5241) 5322) 5405 5576 
b 10 |L.4783]1.4856]1.4931]1.5007|1.5084)1.5162)1 .5242)1 .5324]1.5407|1.5491]1.5578)1. 
7 11 4785| 4858} 4932) 5008) 5085} 5164) 5244] 5325) 5408 5579 
12 | 4786} 4859) 4933) 5009) 5086) 5165} 5245) 5326) 5409 5580 
113} 4787) 4860) 4935) 5011} 5088) 5166; 5246) 5328! 5411 5582 
y 14 4788; 4861; 4936) 5012) 5089) 5168 5248 __ 5329 5412 5583 
#15 |1.4789]1.4863]1 .4937|1.5013]1.5090|1.5169]1.5249/1.5331|1.5414/1.5498|1.5585|1. 
1 16} 4791) 4864) 4938] 5014) 5092) 5170) 5250) 5332) 5415 5586 
1 17 4792) 4865} 4940) 5016] 5093) 5172) 5252) 5333) 5416 5588 
18 | 4793) 4866) 4941) 5017| 5094) 5173) 5253) 5335) 5418 5589 


4942) 5018) 5095) 5174] 5254! 5336) 5419 


1——| ——— | —___—_ [ ——————————_——— | | _— | | 


20 }1.4795}1.4869)1.4943}1.5019)1.5097)]1.5175/1 £5256]1 .5337|1 .5421/1 .5506)1 .5592/1.5680 
21 4797| 4870) 4945} 5021} 5098] 5177) 5257) 5339) 5422 5594] © 
22 4798) 4871} 4946) 5022) 5099) 5178] 5258] 5340) 5423 5595 
23 4799) 4873) 4947) 5023) 5101) 5179) 5260) 5341) 5425} 5510) 5596 
24 4800; 4874) 4949) 5025) 5102) 5181) 5261) 5343) 5426 5598 30 
25 {1.4801/1.4875]1.4950/1 .5026)1 .5103)1.5182)1.5262)1.5344]1.5428]1.5513]1.5599)1. 
426) 4803) 4876) 4951) 5027) 5105} 5183) 5264) 5346) 5429 5601 
27 4804) 4877} 4952) 5028) 5106} 5185) 5265) 5347] 5430 5602 
28 4805) 4879} 4954) 5030) 5107) 5186) 5266) 5348} 5432 5604 


4955} 5031} 5108} 5187) 5268 


ne mee | 


30 |1.4808/1.4881|1 .4956/1.5032/1.5110/1.5189]1.526911. 5351|1.5435]1.5520}1.5607)1. 30 
31 4809} 4882) 4957) 5034) 5111) 5190) 5271) 5353) 5436] 5521} 5608 29 
432) 4810) 4884) 4959) 5035) 5112} 5191] 5272) 5354) 5437) 5522) 5610 28 
y 33 4811} 4885) 4960} 5036} 5114) 5193) 5273) 5355} 5439) 5524) 5611 27 
4 34 4812) 4886} 4961} 5037) 5115} 5194] 5275) 5357) 5440) 5526) 5613 26 ¥ 
g 35 |1.4814/1.4887)1 .4962)1.5039)1 .5116)1.5195]1.5276)1.5358)1 .5442)1 .5527|1.5614)1. 25 f 
H 36 4815} 4889} 4964) 5040} 5118) 5197) 5277; 5359) 5443) 5528] 5615 24 § 
1 37 4816} 4890} 4965} 5041) 5119) 5198) 5279) 5361} 5445} 5530) 5617 23 § 
1 38 4817} 4891} 4966) 5043) 5120) 5199) 5280) 5362) 5446} 5531] 5618 22 | 
39 4819} 4892) 4967) 5044) 5122) 5200) 5281) 5364; 5447] 5533) 5620 217 
i 40 |1.4820/1.4894]1.4969]/1.5045]1.512311. 5202/1 .5283|1.5365|1.5449|1 .5534)1.5621|1. 20 § 
41 4821); 4895) 4970} 5046) 5124) 5203} 5284) 5366} 5450} 5536} 5623 19 {| 
h A 4822; 4896) 4971) 5048} 5125) 5205; 5285| 5368) 5452} 5537) 5624 18 | 
43 4823) 4897) 4972) 5049| 5127) 5206) 5287) 5369) 5453! 5538) 5626 17 | 
44 4825) 4899) 4974) 5050} 5128) 5207] 5288) 5370) 5454| 5540} 5627 16 | 
45 |1.4826/1.4900|1.4975]1.5051|1 .5129|1.5209/1 .5290|1.5372|1.5456|1.5541|1 .5629|1.5718| 15 | 
p 46 4827; 4901) 4976) 5053! 5131) 5210) 5291] 5373) 5457/ 5543) 5630) 5719) 14 | 
y 47 4828) 4902) 4977) 5054) 5132) 5211; 5292) 5375} 5459] 5544) 5632! 5721) 13 
1 48 4830) 4903} 4979) 5055) 5133) 5213) 5294) 5376) 5460] 5546] 5633) 5722) 12 
49 4831) 4905) 4980} 5057) 5135) 5214) 5295) 5377| 5461) 5547) 5635 5724) 11_ 
50 |1.4832]1.4906/1.4981/1.5058]1.5136)/1. 5215/1 .5296]1.5379|1.5463/1.5549/1.5636|1.5725| 10 
51 4833} 4907} 4983) 5059) 5137) 5217); 5298! 5380) 5464) 5550) 5637) 5727) 9 § 
52 4834) 4908} 4984) 5061) 5139) 5218! 5299) 5382) 5466) 5551} 5639) 5728) 8 | 
53 4836} 4910) 4985} 5062) 5140) 5219! 5300) 5383! 5467) 5553) 5640] 5730} +7 { 
54 | 4837 4911} 4986) 5063) 5141) 5221) 5302) 5384) 5469} 5554) 5642) 5731) 6 
55 |1.4838]1.4912/1.4988/1.5064]1.5143}1.522211 .5303/1.5386]1.5470|1.5556/1.5643/1.5733] 5 
56 4839} 4913) 4989] 5066} 5144) 5223] 5305] 5387] 5471} 5557| 5645) 5734) 4 
57 4841) 4915) 4990} 5067] 5145} 5225] 5306] 5389) 5473] 5559] 5646] 5736) 3 
58 4842; 4916) 4991] 5068} 5146] 5226] 5307) 5390] 5474) 5560} 5648] 5737) 2 
59 4843) 4917} 4992] 5070) 5148] 5227] 5309] 5391 5476| 5562) 5649) 5739) 1 
60° 4844) 4918] 4994] 5071 5149) 5229) 531 5393] 5477) 5563) 5651 5740) 0 
oe" | se | a7 | se | se [sa | sa [ aa | er | sor | a | a8 |S. 


5 DEGREES. 


When the Apparent Distance is Zess than 90°, the Second Correction is to be taken from ee Bottom. 
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TABLE XXXII. 149 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


he First Correction is always to be ren recat the Top, and also the pecans, wien the Appatent Distance is greater than 90° 


4 DEGREES. 
Vaieiae sd 7 15" VCE t7 piss | ©19° | 290) 
‘ig 


22’ 23° 


“0 1.5740|1.5832)1 .5925 5925|1.6021|1.611 6218|1.6320|1.6425]1 .6532|1 . 6642/1 .6755|1.6871 

j 5742) 5833) 5927) 6022) 612 6220' 6322) 6427) 6534) 6 6757} 6873 

2 5743) 5835) 5928) 6024) 6121) 6221 6324! 6428) 6536 6759| 6875 

3 5745| 5836; 5930) 6050) 6123) 6223, 6325] 6430) 6538 6761] 6877 

4 5746} 5838) 5931} 6027| 6125) 6225) 6327) 6432) 6539 6763) 6879 

5 |1.5748|1 .5839)|1. .5933|1 6029/1 .6126|1 . 62261 .6329|1 .6434]1.6541|1. 6651/1 6764/1. 6881 

6 5749} 5841) 5935) 6030) 6128) 6228) 6331) 6435] 6543 6766) 6882 

f 5751} 5843) 5936) 6032) 6130; 6230) 6332) 6437) 6545 6768} 6884 

8 5752] 5844) 5938) 6033) 6131] 6232) 6334) 6439) 6547 6770) 6886 

9 5754} 5846) 5939) 6035) 6133) 6233) 6336) 6441] 6548 6772} 6888) 51 
10 |1.5755/1.5847|1.5941)1.6037)L.6135]1 .6235/1 .6338]1 .6443)1.6550)}1. -6774)1.6890} 50 | 
11 5757) 5849} 5942) 6038) 6136) 6237) 6339) 6444) 6552 6776} 6892; 49 § 
12 5758} 5850) 5944) 6040) 6138) 6238) 6341] 6446} 6554 6778] 6894) 48 | 
13 5760) 5852; 5946) 6042) 6140) 6240) 6343) 6448) 6556 6780} 6896) 47 
14 5761} 5853) 5947] 6043) 6141) 6242) 6344) 6450! 6558 6782! 6898} 46 | 


15 |1.5763]1.5855|1 .5949]/1.6045]1.6143/1.6243|1.6346]1.6451|1.6559/1. -6784/1.6900) 45 | 


16 5765} 5856) 5950) 6046; 6145) 6245) 6348) 6453) 6561 6785} 6902) 44 | 
17 5766) 5858) 5952) 6048) 6146) 6247) 6350) 6455) 6563 6787}, 6904) 43 
18 5768) 5860) 5954; 6050) 6148} 6248} 6351) 6457) 6565 6789} 6906) 42 
1g 5769} 5861) 5955) 6051) 6150) 6250) 6353) 6459) 6567 6791} 6908) 41 
20 |1.5771]1.5863)1.5957/1.6053/1.6151|1 625211. 63551. 6460|1 .6568|1.667911 .6793|1.69101 40 
21 5772) 5864) 5958) 6055) 6153) 6254; 6357) 6462) 6570 6795) 6912) 39 § 
2 5774) 5866) 5960) 6056) 6155) 6255) 6358) 6464) 6572 6797) 6914] 38 | 
23 5775; 5867) 5961} 6058} 6156} 6257) 6360| 6466) 6574 6799} 6916) 37 
24 5777; 5869} 5963) 6059) 6158) 6259) 6362) 6467] 6576 6801] 6918) 36 


SD NN es eee, ee. ee ee ee NN eae 


25 j1.5778/1.5870)1 .5965/1.6061]1.6160/1 .6260)1 .6364/1 .6469]1 .6578)1 . 66 -6803}1 .6920} 35 

5872} 5966} 6063) 6161} 6262) 6365) 647 56579 6805) 6922) 34 | 
5874| 5968} 6064) 6163) 6264) 6367) 647 6807| 6924) 33 § 
5875) 5969) 6066) 6165) 6265) 6369' 6475 6809} 6926) 32 f 


29 5784) 5877) 5971} 6067) 6166) 6267) 6371, 6476) 6585 6810} 6928] 31 
30 |1.5786|1.5878]1.5973]1. 60691 .6168)1 .6269|1 .637211 64781 .6587|1 . 6698]1 .6812/1.6930| 30 § 
31 5787; 5880) 5974) 6071} 6169) 6271); 6374) 6480) 6589 6814} 6932] 29 

f 32 5789} 5881) 5976) 6072) 6171) 6272) 6376 6482) 6590 6816} 6934] 28 
33 5790) 5883) 5977; 6074| 6173) 6274) 6377) 6484) 6592 6818) 6936) 27 

f 34 5792} 5884) 5979] 6076) 6174) 6276) 6379! 6485) 6594 6820 __ 6938 26 

1 35 |L.5793]1.5886/1.5981|1.6077|1 .6176|1 .6277|1 .6381|1 .6487|1 . 6596/1 .6708)1 .6822|1.6940| 25 | 

36 5795; 5888} 5982) 6079) 6178) 6279) 6383) 6489) 6598 6824} 6942) 24 | 

j 37 5796} 5889) 5984; 6081} 6179) 6231) 6384) 6491) 6600 6826} 6944) 23 

5 38 5798; 5891} 5985} 6082) 6181] 6282] 6386) 6492) 6601 6828] 6946) 22 
39 5800} 5892) 5987} 6084) 6183] 6284) 6388! 6494] 6603 6830} 6948) 21 
40 |1.5801|1 .5894]1.5989|1.6085]1.6185|1. 6286]1 . 63901 . 64961 . 660511. 6717]1 .6832|1 .6950| 20 
41 5803) 5895] 5990] 6087) 6186] 6288) 6391) 6498} 6607) 6 6834) 6952) 19 
42 5804) 5897; 5992) 6089} 6188} 6289} 6393) 6500] 6609 6836) 6954) 18 § 
43 5806} 5898) 5993) 6090} 6190) 6291) 6395) 6501] 6611 6838) 6956] 17 
44 5807; 5900) 5995} 6092) 6191) 6293] 6397) 6503] 6612 6840} 6958} 16 
45 |1.5809]1.5902]1.5997|1.6094|1.6193]1 .6294]1.639811.6505/1.6614]1.6726/1.6841|L.6960| 15 
46 5810} 5903} 5998} 6095} 6195) 6296) 6400) 6507} 6616) 6 6843} 6962) 14 
47 5812) 5905} 6000) 6097} 6196} 6298) 6402} 6509} 6618 6845) 6964] 13 
48 5813) 5906) 6001} 6099} 6198} 6300) 6404) 6510) 6620 6847} 6966) 12 
49 5815} 5908) 6003} 6100) 6200} 6301) 6406) 6512} 6622 6849} 6968) 11 


50 {1.5816]1 .5909|1. 6005|1.6102)1.6201]1.6303]1 .6407|1.6514|1. 662411. 6736]1.6851|1.6970) 10 | 
51 5818] 5911) 6006} 6103) 6203} 6305} 6409) 6516 6853 6972) 9 | 
52 5819} 5913) 6008) 6105) 6205] 6306) 6411) 6518 6855, 6974) 8 | 
53 5821); 5914) 6009} 6107) 6206} 6308) 6413) 6519 6857} 6976) 7 } 
34 5823; 5916) 6011} 6108) 6208} 6310} 6414) 6521 6859} 6978) 6 § 


“bd |1.5824/1.591711.6013]1 .6110]1 .6210]1 .6312/1.641611 . 6523/1 .6633]1.6745|1.68611.6980| 5 | 


56 | 5826] 5919} 6014] 6112] 6211} 6313] 6418] 6525] 6635 6863 6982} 4 | 
57 | 5827} 5920} 6016} 6113] 6213] 6315] 6420) 6527| 6637 6865 6984 3 
58 | 5829} 5922) 6017} 6115] 6215] 6317} 6421] 6529] 6638 6867, 6986} 2 
59 | 5830} 5924] 6019} 6117) 6216; 6319) 6423) 6530] 6640 6869} 6988} 1 
60 | 5832} 5925] 6021] 6118] 6218} 6320] 6425) 6532] 6642] 6755| 6873] 6990| 0 
EAT |. 40g) gael | aa ds aah ars a0] aoe sa ey) | se) Sad 


5§ DEGREES. p 
nN 
When the Apparent Distance is /ess than 9U°, the Second Correction is to be taken from the Bottom. 


150 TABLE XXXII, 
‘ LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 
- {Te First Correction is always to be taken from the Top, and also the Second, when the Apparent |] Distance i is greater than 900. 


4 DEGREES. 


29' i 31’ 
~7238/1. -7639]1. 778211 .7929|1. 
"999 ata 7240} 17370 7641 793) 
6994] 7116] 7242! 7372 | 7644 3} 7934 
6996] 7118} 7244] 7374 7646]: 7936 
6998} 7120) 7246 are 7648 7939 


76511. ~7941/1. 
7002 “7124 "7251 i : 7653 }} 7944 
7004} 7127} 2253! 7383 7655 3} 7946 
7006} 7129} 7255) 7: 7658 7949 
7008) 7131) 7257) 7387 A ee pla te 
1. TOL011. 7133/1. 7259|1.739011.7524 
7012} 7135!) 7261) 7392 26 “7665 ihe 
7014) 7137) 7264) 7394 7667 7959 
7016] 7139] 7266! 7396 ; 7670 7961 
7018} 7141 sail PETSOSp INT. 7672 der coaipee 8442) 
1.702011.714311.7270 T6741. 781. 

7022) 7145} 7272 "7403 : 7677 "7969 

7024, 7147) 7274) 7405 7679 3} 7971 

7026} 7149) 7276] 7407 7681 7974 

7028] 7152 fell _ 7409) 754- mA NC: é ae 

1.70301. 7154/1. 

7032! 7156 toad "7688 ess 

7034) 7158! 7285 5 7691 7984 

7036] 7160} 7287 7693 7987 

7038) 7162] 7289 | 67696 7989 

1.7040/1.7164]1.7291/L.7423 1.7698|1.784 

7042} 7166) 7294 25] 301 +7700 7994 
7044) 7168) 7296 7 33] 7703 7997 
7046} 7170] 7298 7705 7999 
7048 _7172} 7300 2 cab 52) 8002 | 68484 


1.7175|1.730211.74: : 1.8320|1.8487]1.8661 
7177} 7304 36 “7712 "8007 323} 8496) 8664 
7179} 7307 : | hier 8009 } 326) 8495} 8667 
7181} 7309 LOD Ae 8012 8496} 8670 

y V18ape7eli ‘ 7719 ) 8014 _ 8499; 8673 


t. 1 -8502)1. 8676] 25_ 


a 


Pw KE © 


com 


7187| 7315 7724 
7189| 7317 1 7726 338 
7191} 7320! 7452 | 7729 2 8510 
7193] 7322 7731 7} 8183 8513 
1:719611.7324/1.7456 - 8030/1. 248/1. 851611 .869] 
31 7198] 7326] 7458 7736 é 360} 8519) 8694 
7200] 7328] . 7461 5 7738 
72021 7330! 7463 7741 
7204} 7333] 7465 7743 
1.7206]1.7335/1.7467 
7208} 7337| 7470 } 7748 
7210} 7339) 7472 309] 7750 
72121 Y341| 4774 7753 
7215) 7344) 67476 7755 
L.709i|1.7217/1.734611.7479)1. 
7093} 7219) 7348) 7481 j e480 j “s724 
7095) 7221] 7350] 7483 7762 SOUP 8727 
7098! 7223) 73591 7485 231 7765 , 53] 8730 
7100) 7225] 7354) 7488 SH ke 
1.7102. 7227]. 7357 7357|1.7490|1.7627 
7359| 7492 ; Gin : 
7361] 7494 7774 ¢ : 8565 
6363] 7497 Ad 8568} 8746 
7365| 7499 : T7779 8570] 8748 
7368] 7501 7789 3 3} 85731 8751 
33 f Aas ok 21 23" [26 op ane 
5 DEGREES. 


When the Apparent Distance is less than 90°, the Second Correction is to be taken from the Bottom. 


TREC OR 151 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


The First Correction is always to be taken from the Top, and also the Second, when the Apparent Distance is greater than 90°. 


ae | 4 DEGREES. 
36°41 37 dems 39) | 40 1 4 | a9! 


eS. 43' 44’ 45' 46' 47' ; 
© [1.8751]1.8935|1.9128]1.9331]1.9542/1.9765]2.0000|2.0248]2.0512/2.0792|2.1091]2.1413 60 Ff 
an, 5 8754] 8939) 9132) 9334) 9546) 9769) 0004) 0252) 0516) 0797) 1097) 1419) 59 
; 2 8757] 8942) 9135) 9337) 9550 fake 0008} 0257) 0521) O801} 1102) 1424) 58 
, 3 8760} 8945} 9138) 9341) 9553) 977 0012} 0261) 0525; O806) 1107) 1430} 57 
4 8763} 8948) 9142) 9344) 9557 9780 0016} 0265) 0530) O811} 1112) 1436] 56 § 
Pe. 1.876611. 8951/1.9145]1.9348]1.9561]1. 9784/2. 0020/2.0270/2.0534/2.0816|2.1117|2.1441] 55 
5 8769} 8954) 9148) 9351) 9564) 9788) 0024) 0274) 0539} 0821} 1123) 1447) 54 
7 8772} 8958} 9152) 9355) 9568) 9792) 0028) 0278) 0543) 0826) 1128) 1452) 53 
BS 8775] 8961) 9155) 9358) 9571) 9796) 0032) 0282) 0548) ° 0831) 1133) 1458) 52 
; 9 8778} 8964) 9158) 9362) 9575) 9800) 0036) . 0287 _ 0552 0835} 1138} 1464) 51 § 
1 10 |-8781/1.8967/1.9162/1.9365|1 .9579]1 .9803)2.0040|2.0291|2 2.0557|2. 0840/2. 1143/2. 1469] 50 t 
y 11 8784] 8970} 9165]. 9369} 9582! 9807} 0044] 0295} 0562) 0845] 1149] 1475) 49 J 
12 8787] 8973] 9168) 9372) 9586) 9811) 0049) 0300; 0566) 0850) 1154) 1481) 48 | 
13 8790) 8977) 9172) 9376) 9590) 9815) 0053) 0304) 0571] 0855) 1159) 1486) 47 § 
14 8793 _ 8980 9175) 9379) 9593) 9819} 0057} 0308} 0575) 0860) 1164; 1492) 46 F 
15 |L.8796|1.8983]1. 1.9178/1.9383|1.9597|1.9823|2.0061/2.0313)/2.0580/2.0865|2.1170|2.1498) 45 f 
16 8799} 8986) 9181) 9386) 9601) 9827) 0065) 0317) 0585) 0870) 1175] 1503) 44 ¥ 
17 8802} 8989) 9185) 9390) .9604! 9830} 0069} 0321} 0589} 0875} 1180} 1509) 43 f 
18 8805} 8992) 9188] 9393] 9608; 9834] 0073} 0326! 0594} OSS8O} 1186] 1515) 42 
19 8808) 8996] 9191) 9397) 9612) 9838) 007 0330} 0598) 0884) 1191] 152 41 I 
20 |1.8811]1.8999|1.9195]1.9400|1 .9615|1 . 984212 .0081|/2.0334|2.0603|2.0889/2.1196|2.1526 40 | 
21 8814) 9002) 9198) 9404; 9619) 9846) 0085) 0339; 0608) 0894) 1201; 1532 39 
22 8817) 9005} 9201) 9407) 9623) 9850} 0089} 0343) 0612) 0899) 1207] 1538 38 § 
q 23 8821} 9008) 9205) 9411) 9626) 9854) 0093} 0347] 0617) 0904) 1212) 1543) 37 
f 24 8824) 9012) 9208} 9414] 9630} 9858] 0098} 0352} 0621; 0909} 1217| 1549) 36 
25 |1.8827|1.9015]1.921211 .9418/1.9634!1 .9861/2.0102)2.0356/2.0626]2.0914]2.1223]2.1555} 35 | 
26 8830} 9018] 9215) 9421) 9638) 9865} 0106) 0360) 0631) 0919) 1228 1861) 34 § 
8 27 8833) 9021) 9218) 9425) 9641; 9869, 0110) 0365] 0635) 0924) 1233] 1566 33 | 
; 28 8836) 9024) 9222) 9428) 9645) 9873) 011 0369] 0640} 0929} 1239] 1572) 32 § 
} 29 8839} 9028) 9225) 9432) 9649) 9877} 0118) 0374) 0645) 0934) 1244) 1578) 31 | 


30° 1.884211 .9031|1.9228]1 .9435]1 .9652]1 .9881|2.012212.0378]2.064912. 093912. 124912. 1584 30 
8845} 9034) 9232) 9439) 9656) 9885] 0126) 0382! 0654; 0944) 1255) 1589) 29 § 
8848) 9037) 9235) 9442) 9660} 9889) 0131) 0387} 0659} 0949} 1260] 1595) 28-8 
, 8851} 9041} 9238) 9446) 9664) 9893) 0135) 0391) 0663) 0954] 1266) 1601) 27 
8854) 9044) 9242) 9449) 9667 9897 0139} 0395) 0668) 0959) 1271) 1607) 26 


1.8857|1.9047]1 .9245|1.9453]1 .9671|1.9901|2.0143]2.0400/2.0673|2.0964/2.1276|2.1613| 25 J 
8861] 9050] 9249] 9456] 9675| 9905] 0147] 0404] oO678| o969| 1282] 1619] 24 | 


8864) 9053} 9252) 9460) 9678) 9908; 0151] 0409} 0682} 0974] 1287) 1624) 23 


38 8867| 9057) 9255} 9464] 9682} 9912! 0156] 0413) O687| O979] 12921 1630} 22 
39 8870; 9060) 9259) 9467) 9686} 9916) 0160) 0418] 0692} (0984) 1298] 1636) 21 
40 |1.8873]1.9063/1.9262/1 .9471/1.9690]1 .9920|2-0164/2. 042212 .0696/2.0989/2. 130312.1642; 20 

f 41 8876} 9066} 9266) 9474) 9693) 9924) 0168] 0426} O701} 0994) 1304) 1648) 19 

I 42 8879] 9070) 9269) 9478) 9697] 9928) 0172) 0431) O706{ 0999] 1314| 1654] 18 § 
43 8882) 9073) 9272) 9481) 9701; 9932) 0176) 0435} 0711] 1004 ap 20 1660] 17 

1 44 8885} 9076) 9276) 9485) 9705) 9936) 0181 __ 0440 0715) 1009) 132 1665] 16 


145 il. B888ll. 9079|1.9279 9279]1.9488 9488}1. 1.9708|1.9940)2. 2.018512 2.044412 .0720 0720/2.101 1015|2.1331 1331/2.1671 15 f 
8892} 9083) 9283) 9492) 9712! 9944) 0189) 0449] 0725! 1020] 1336] 1677] 14 § 
8895} 9086) 9286} 9496) 9716} 9948) 0193] 0453] 0730) 1025] 1342] 1683] 13 f 
8898) 9089) 9289) 9499) 9720) 9952! 0197) 0458] 0734] 1030} 1347]. 1689} 12 
8901} 9092) 9293) 9503) 9723) 9956) 0202) 0462 _0739 1035} 1352] 1695} 11 § 


— ——_—_——_ | — —__ 


1.8904]1.9096/1.9296]1.9506|1 -9727/1 .9960|2.0206/2.046712.074412.104012.135812.1701| 10 ¢ 


dl 8907; 9099} 9300} 9510] 9731] 9964} 0210] 0471) 0749] 1045] 1363] 1707] 9 { 
52 8910} 9102) 9303) 9514) 9735) 9968) 0214) 0475} 0753] 1050} 1369] 1713] 8 {| 
1 53 8913} 9106) 9306) 9517) 9739) 9972) 0219) o480) O758} 1055} 1374] 1719) 7 
54] 8917) 9109) 9310) 9521) 9742) 9976) 0223) 0484) 0763) 1061] 1380] 1725] 6 
55 11 .8920]1 .9112)1.9313]1 .9524/1 .9746]1 .9980/2. 022719 .04 048912.076812. 106612. 1286 R619. 9.1731, 5 fF 
56 | 8923} 9115} 9317] 9528] 9750) 9984] 0231! 0493] O773] 1071] 1291] 41737] 4¢ 
57 8926; 9119} 9320) 9532) 9754! 9988) 0235) 0498! O777] 10761 1397] 1743) 3 
58 8929] 9122) 9324) 9535) 9758] 9992} 0240) 0502) 07821 1081] 1402] 1749] 2 & 
59 8932] 9125) 9327) 9539] 9761| 9996) 0244) O507| 0787] 4086] 1408] 1755) 1 4 
60 8935} 9128] 9331} 9542) 9765/2.0000} 9248) 0512) 0799] 1091! 1413] 17614 O 
Ce ee ee Re es Pe Lae L6. 4 S.j 


) 1601 15) 14 {| 13°) 412°) 
5 DEGREES, 


When the Apparent Distance is ess than 90°, the Second Correction is to be taken from the Bottom. 


¥ 


152 


. TABLE XXXIL 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


iThe First Correction is al/wuys to be taken from the Top, and also the Second, when the Apparent Distance i is greater than 90°. 


#20 |2. 1883/2. 2272/2. 2700/2. 3174/2 


4 DEGREES. — 


S. 48 49' 50! 51’ 52’ 53’ 57. 58’ 59° 

~ 0 (2.17612. 2139/2. 2553/2.3010/2.352212.4102/2.4771 47712. 5563/2. 6532 653z|2.778z/2.954213.2553} 60 
1 1767) 2145) 2560) 3018) 3531} 4112 780i} 9579} 2626] 59 § 

; 2 1773] 2152) 2567) 3026) 3540) 4122 7830) 9615) 270 58 | 
3 1779} 2159) 2574) 3034) 3549) 4133 7855} 9652! 27765) 57 § 
4 1785] 2165) 2582) 3043) 3558) 4143 7879} > 9690} 2852) 56 

6 (2.1791/2.21721/2. 258912 .3051/2. 3567/2. 41541: ~ 7904/2 .9727)3.2951] 55 
6 1797) 2178) 2596) 3059} 3576} 4164 7929) - 9765} 3010} 54 
7 1803} 2185) 2604) 3067) 3586) 4175 7954} 9803} 3091) 53 | 
8 1809} 2192) 2611) 3075) 3595) 4185 7979) 9842) 317-H 52 | 
9 1816} 2198} 2618) 3083} 3604} 4196 8004; 9881} 3259) 51 
10 |2. 1822/2. 2205|2. 262612 2.3091/2.3613|2.4206|2.4894|2. 2.571012.6717 6717|2.8030|2.992U13.3345 50 | 
11 1828) 2212) 2633) 3100] 3623) 4217 } 8055} 9960} 8432) 49 
12 1834) 2218) 2640} 3108! 3632} 4228 808113.0006] 3522) 48 
13 1840} 2225) 2648) 3116! 3641) 4238 81.07] 0040} 3613} 47 
14 1846) 2232) 2655) 8124) 3650] 4249 8133) 0081) 3707} 46 
15 }2.1852/2.2239/2.2663/2.3133/2.3660/2.4260]2.4956/2.578612.6812)2.8159/3.0129/3.38021 45 
16 1859} 2245) 2670) 3141] 3669] 4270 5801} 6832} 8186) 0164) 3900} 44 
17 1865) 2252) 2678) 3149} 3678] 4281 5816} 6851} 8212} 0206) 4000) 43 
18 1871} 2259) 2685} 3158) 3688] 4292 5832) 6871} 8239) 0248) 4102} 42 
19 1877) 2266) 2692) 3166] 3697] 4303 5847; 6890} 8266) 0291} 4206) 41 


2.3707|2.4314|2. 5019/2. 5863/2. 6910/2. 8293|/3.0334|3.4314 


21 | 1889) 2279} 2707; 3183! 3716] 4325 5878] 6930] 8320} 0378] 4424] 39 | 
22 | 1896) 2286} 2715) 3191] 3726] 4335 5894) 6950) 8348! 0422) 4536] 38 | 
f.23 | 1902) 2293) 2722) 3199] 3735] 4346 5909] 6970] 8375} 0467] 4652) 37 
24 | 1908) 2300) 2730] 3208] 3745] 4357 5925] 6990] 8403] 0512) 47711 36 
25 j2.1914/2.2307/2.2738)2.321612.3754/2.436812 -594112.7 8431/3 .0557)/3.4894) 35 
26 | 1921) 2313) 2745) 3225) 3764] 4379 5957] 7930} 8459) 0603} 5019) 34 | 
27 | 1927) 2320) 2753] 3233] 37731 4390 5973] 7050] 8487} 0649] 5149} 33 
28 | 1933! 2327] 2760) 3242} 378] 4401 5989] 7071} 8516] 069] 5283} 32. 
29 | 1939) 23341 2768) 3250} 3792] 4412 6005] 7091) 8544) 0744) 5421) 31 | 
30 {2.1946|2 2341]2.2775/2. 3259|2. 3802|2. 4424/2. 5149|2. 6021|2.7112/2.8573/3.079218.5563) 30 | 
31 | 1952) 2348) 2783} 3267] 3812] 4435 6037| 7133} 8602} 0840} 5710} 29 
32] 1958) 2355) 2791; 3276 3821| 4446 6053] 7154] 8632} 0889] 5863] 28 
33 | 1965) 2362) 2798} 3284) 3831] 4457 6069] 7175] 8661] 0939] 6021] 27 
34 | 1971) 2368) 2806} 3293] 3841] 4468 6085] 7196] 8691] 0989] 6185} 26 
35 |2.1977/2.2375'2.2814|2.3301/2.3851|2.4480 7|2.872113.1040|3.6355) 25 
36 | 1984) 2382) . 2821] 3310] 3860) 4491 8751} 1091] 6532} 24 
37 | 1990} 2389} 2829] 3319] 3870] 450 8781} 1143] 6717] 23 
38 | 1996) 2396) 2837] 3327] 3880] 4514 8811) 1196] 6910} 22 
4.39 | 2003) 2403) 2845) 3336] 3890] 4525 8842) 1249) 7112) 21 
40 (2. 2009|2.24102. 2852/2. 3345/2. 390012 .4536|2.5283)2.6185|2.7324|2.8873/3.1303|3.7324) 20 
41 | 2016) 2417; 2860) 3353] 3910] 4548 6201] 7346} 8904} 1358] 7547] 19 
42 | 2022) 2424) 2868) 3362] 3919} 4559 6218} 7368} 8935) 1413] 7782] 18 
43 | 2028) 2431! 2876} 3371] 3929] 4571 6235] 7390} 8967] 1469] 8030} 17 
44 | 2035) 2438] 2883] 3379] 3939] 458: 6252} 7412) 8999) 1526] 8293] 16 
45 |2. 2041/2. 2445/2. 2891/2. 3388/2. 3949|2 4594/2. 5351/2. 6269/2. 7434/2. 9031|3.1584/3.8573| 15 
46 | 2048) 2453) 2899} 3397] 3959] 4606 6286] 7456] 9063] 1642] 8873] 14 
47 | 2054) 2460} 2907] 3406] 3969] 461 6303] 7479} 9096) 1701| 919d] 13 
p48 | 2061) 2467) 2915) 3415] 39791 4629 6320) 7501] 9128! 1761) 9542] 12 
49 | 2067} 2474) 2923) 3423) 3989] 4640 6338) 7524] 9162! 1822} 9920] 11 
50 |2.2073/2.2481/2.293112. 343212.400012. 4652/2 -6355)2.754 9195/3.1883/4.0334) 10 | 
51 | 2080} 2488) 2939] 3441] 4010] 4664 - 6372) 7570} 9228} 1946] O7921 9 
52 | 2086) 2495) 2946] 3450]. 4020] 4676 6390) 7593] 9262) 2009] 1203] 8 
¥ 53 | 2093) 2502) 2954] 3459] 4030] 4688 6407] 7616] 9296! 2073] 1883] 7 
pen 2099] 2510) 2962) 3468] 4040] 4699 6425] 7639] 9331] 2139] 2353] 6 
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; TABLE. 153 
ANGLE OF AZIMUTH AND CORRESPONDING CHANGE OF ALTITUDE IN ONE MINUTE | 
OF TIME. 


Enter this Table with the Latitude in, at the side, and opposite to which, in the body of the Table, find the [ 
approximate Azimuth or Sun’s Angle ‘from the Meridian in Degrees at the time of the observation. Then at 
the Top will be found the Sun’s change of altitude in 1 minute of time. 

This Table is useful to verify a set of Altitudes for Chronometer, taken when the Sun is not on the Prime 
Vertical, and for other purposes when precision is required. 


CHANGE OF ALTITUDE IN 1 MINUTE. 
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APPARENT ALTITUDE OF THE SUN, OR STAR. 
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6a TABLE XXXII. 
THIRD CORRECTION, TO APPARENT DISTANCE 44°, 


ats APPARENT ALTITUDE OF THE SUN, OR A STAR. 
Lica ree neiae 


—_ —| ———————— | -———--- | | [J EE 


| 16° | 18° | 20° | 22%) 24°) 26°) 28°] B0> 
Fe) ppp , t , Mr , He V2 td & / tt / tr / vr Taatet, ted eed) erry y FOE 
611 1611 1 31]1 37]/1 45/2 312 2312 4413 513 2513 45/4 514 gol. 
7 11 20/1 1 1 24}1 28/1 33/1 46/2 1/2 17/2 34/2 5113 §13 9513 49 
811 2511 1 1 19)/1 22/1 25/1 3511 47/2 O12 1412 2912 43/9 5813 19 
9 |1 31/1 1 1 16/1 18/1 21}1 27/1 36/1 47/1 5912 12]2 2419 3619 4el- 
10 {1 39}1 1 1 15]/1 16/1 18]1 22/1 29/1 3811 4811 5812 slo 18 2 29 
11 }1 48/1 34)1 25)1 20/1 17/1 15/1 16/1 19/1 24/1 3i]1 39/1 47/1 S56lg sla 14 
12 }1 58/1 41/1 30/1 23/1 19)1 16/1 15]1 17/1 20/1 25/1 3911 3811 46la 5410. 9 
13 {2 8/1 48/1 35]1 27/1 22/1 18/1 16/1 15/1 17/1 2111 26/1 32/1 3811 45\1 59 
14/2 18/1 56/1 41)1 31)1 25/1 “20/1 17/1 14/1 15/1 1811 2911 2711 327 3811 44 
15 }2 28/2 4)1 47/1 36/1 29/1 23/1 1911 15) 14/1 16/1 19/1 23/1 27/1 3911 37 
16 }2 38/2 12/1 53/1 41/1 33/1 261 21}1 17/1 14/1 15]1 17/1 2011 2311 a7}1 9: 
17 12 48/2 20/2 Of1 47/1 37/1 30/1 24/1 19/1 15/1 15/1 16/1 1811 2011 a3 96 
18 [2 58/2 28/2 8/1 53/1 42/1 34/1 27/1 20/1 16/1 14/1 15[1 16]1 18]1 gQ0}4 9: 
19 {3 8/2 37/2 15)1 59]1 47/1 38)1 30/1 2211 17/1 14/1 14/1 1511 1611 a714 49 
20/3 18/2 45/2 22)2 5/1 52/1 49)1 34/1 25/1 19/1 15/1 13/1 14/1 14/1 151, 4 
p21 13 29/2 54/2 30/2 12]/1 57/1 46l1 37/1 2711 Qal1 1711 14;1 12)1 12)1 14)1 15 
2213 39/3 2/2 37/2 18/2 3}1 51]1 41/1 30/1 23/1 18]1 14/1 13/1 1211 aaa 74 
23 13 49/3 11/2 45/2 24/2 811 55/1 45/1 33/1 25/1 1911 1511 12/1 111, 491] 42 
24/4 0/3 19/2 52/2 31/2 14/2 O11 49/1 36/1 27/1 2011 1611 1211 1014 Gold q] 
j 25 J4 10/3 28/2 59/2 37/2 20/2 5/1 53/1 3911 29/1 2ila a7l1 13/1 101, 9/4 10 
26 J4 20/3 36/3 6/2 43/2 25/2 10/1 57/1 42/1 31;1 22/1 17/1 13/1 101, aly 
| 27 J4 30/3 45/3 13/2 49/9 31/2 15/2 111 45/1 3el1 231 asta a4ii aily 9} 1 
j 28 [4 39/3 53/3 202 55/2 36/2 20,2 5/1 47/1 34/1 Qsl1 1911 15/1 1911 9 1 
p29 74 48/4 1/3 27/3 1/2 41/2 24/2 911 49/1 36]1 27/1 2011 15/1 1911 914 
1 30 }4 57)4 9/3 3413 Zo a6le gol 14/1 5211 agit elt atti 1611 1311 9of4 
S14 17/3 41/3 13/2 51/2 34/2 19/1 55/1 40]1 30/1 2211 1711 1311 G01] 
> 16/4 25/3 4813 1912 56/2 38/2 23/1 58)1 4g}1 3111 23/1 18/1 14/1 1011 
9 25/4 33/3 54/3 25/3. 1/2 43/2 27/2 1/1 44/1 33/1 24li t9lt isla 4qlq 
5 34/4 4014 1/3 30'3 6/2 47/2 31)2 4/1 47/1 35;1 Q611 2011 15/4 11/1 
: 5 43/4 484 8/3 36/3 1112 5912 35/2 Ta 5011 3711 e711 2111 16 1 12/1 
5 51/4 55/4 14/3 4213 1512 5612 3919 1111 5al1 39'1 98] 2911 1711 1311 10 
| 6 05 3/4 2113 47/3 e013 O12 4ale 15}1 56/1 41/1 30/1 23)1 17/1 1311 10 
6 95 10/4 27/3 52/3 24/3 4/2 47/2 18l1 5sl1 43l1 3911 o4l1 isly 14/1 11] 
6 18/5 18/4 33/3 583 2913 8/2 51/2 2119 4/1 4511 33/1 25/1 1911 1411 74 
6 27/5 25/4 39/4 3 33:3 1212 54/2 2412 3]1 46/1 35;1 Q6l1 2011 a5l1 4] 
14116 36/5 3914 asia 83 38/3 16/2 582 27/2 61 48/1 37/1 2714 2il1 a6la qe 
6 45/5 39/4 51/4 13.3 4213 2013 112 30/2 8|1 50/1 3911 voli Qahy 16/1 12 
6 53/9 46/4 57/4 18/3 47/3 24/3 4/2 33/2 10/1 52/1 401 3011 23/1 i7l1 q2 
7 05 53/5 5 4 23/3 51/3 28/3 .7/2 35/2 1911 54/1 49l1 ael1 Gal, qely 13 
71416 615 14) 4 33/4 013 35)3 14/2 40/2 17/1 58} 45/1 35/1 2611 2011 414 
18 |7 27/6 18/5 25/4 43/4 913 43/3 2il2 aslo ale ol agli 37]1 2811 21/1 15 
} 29 [7 40/6 2915 35) 4 52/4 1813 50/3 az7lg sola e512 6l1 5el1 4ol1 31 1 23/1 16 
| 02 17 526 40'5 45/5 114 2613 5713 sala 55l2 gale 10h] 5611 43/1 33/1 2511 18 
5A 5555 9/4 34/4 413 3913 og 33/2-14]1 5911 4611 35/1 2611 19 
| 56 Pee Nee de 5{2 37/2 17/2 11 4911 37/11 2711 90 
| 2 41/2 202 aft 51/1 39/1 volq 9] 
; TABLE P, EFFECT OF SUN's PAR 3 14/2 44/2 2212 511 5211 40/4 30'1 22 
Add the Numbers above the 2 47/2 24/2 6} 1 53) 1 42/1 31 I 23 
lines to 3rd Corrertion, sub- 2 2612 71 5411 43/1 3911 94 
zhi Fah Pe eS 2 sit 55/1 44/1 3311 + 
ss Sun's Apparent Altitude. en Sart wet teers ros be pag 1 56 145 134 1 26 
thsi a 1 45)1 33/1 97 
nm allarl Pelle erect 1 36/1 29 
od fad 2 1 3 
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TABLE XXXII, 
THIRD CORRECTION, TO APPARENT DISTANCE 52°. 


APPARENT ALTITUDE OF THE SUN, OR STAR. 
Alt.| 6© | 7> 7 8° , 9° | 10°] 11°) 12°) 14°) 16°) 18°) 20°) 22°) 24°] 26°) 28°) 30° 1A 
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2 24 1 40)1 29)1 23/1 19)1 16)1 16/1 16)1 17)1 181 20] 21 
2 31 1 44/1 32)1 25/1 20/1 16)1 15)1 15)1 16)1- 17)1 18) 29 | 
2 38 1 47/1 34)1 26/1 21)1 17)1 15)1 14)1 15)1 16/1 17] 93 
: 2 44 1 51/1 37/1 2811 22/1 18)1 15/1 14/1 14)1 15/1 16) 24 
25 |3 50/3 14/2 51 5}. 1 54/1 40)1 30)1 23)1 19/1 16/1 1411 13)1 14/1 15) 25 | 
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46 |6 42/5 39/4 56/4 21/3 52/3 29/3 10/2 39/9 18/2 1/1 48/1 39)1 31/1 24/1 20/1 17] 4g | 
48 |6 55/5 51/5 6/4 30/3 59/3 36/3 16/2 44/2 22/2 5/1 51/1 41/1 33/1 26/1 21/1 18) 4g | 
150 |7 86 215 164 3el4 7/3 43/3 23/2 49/2 g6l2 ali 54/1 43/1 35/1 27/1 2211 19) 50 
52 |7 21/6 13|5 25/4 46)4 15/3 50/3 29/2 54/2 Bolg 11/1 D7/1 45/1 36/1 29/1 24/1 20) 59 
54 |7 33/6 23/5 34/4 53|-4 22/3 56/3 35/2 59/2 34/2 14/2 Of1 48}1 38/1 31/1 25]1 25) 54 
56 |7 44/6 3315 43/4 59/4 2914 213 40/3 4/2 382 17/2 21 5ol1 40/1 32]1 2611 29] 56 
58 |7 53/6 4215 50/5 6/4 35/4 7/3 45/3 8/2 49/2 20/2 5/1 53/1 42)1 33]1 27/1 23) 58 
60 |8 216 4915 56/5 12/4 40/4 12/3 50/3 12/2 46/2 23/2 71 55/1 44/4 35/1 29/1 24! G0 
62 6 25 14/4 45/4 16/3 54/3 15/2 49/2 26]2 91 57/1 46/1 36/1 30/1 25) 62 
4 58/3 18/2 51/2 28/2 11/1 59}1 48/1 37/1 3il1 2 
4 1/3 20/2 53)2 30/2 13/2 o|1 49/1 39/1 3911 
3 22/2 54/2 32/2 15]2 1]1 50/1 40/1 33/1 27 
2 55/2 33/2 16/2 91 51/1 41/1 34/1 28 
2 34/2 17/2 3|1 52/1 49/1 34]1 ge 
21912 4|1 53/1 43/1 35)1 29 
2 5/1 54/1 44/1 3611 29 
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174 TABLE XXXII. “ 
THIRD CORRECTION, TO APPARENT DISTANCE 60°. 


ae APPARENT ALTITUDE OF THE SUN, OR STAR. Po 
at 6° | 77 7 8° , 9° | 10°] 11°) 12°) 14°) 169] 187] 20°] 22°] 24°] 26°) 28% , 30° JAlt. 
ilo dintvely wile ev) er erl evi ar elev d pos WYK) Bae’ OSuDPM veueel 5) a7) 7 Cyd ye 
6 |1 22/1 23/1 25/1 28/1 33}1 40]/1 47/2 1/2 1612 33/2 5013 813 25/3 4113 5814 15] 6 
7 11 24/1 22/1 26/1 25)1 28/1 33)1 37/1 47/1 59/2 13/2 27/2 4112 55/3 913 2313 371 7 
8 ]1 28/1 24/1 22/1 23/1 25/1 28/1 3111 39]1 4811 5912 1112 23/2 3512 4813 O13 12] 8 
9 |1 33/1 28/1 24/1 22/1 24/1 25/1 27/1 33/4 40]/1 49/1 5812 g8l2 18/2 2912 3912 sol 9 
10 |1 40/1 33/1 27/1 24/1 23/1 24/1 25/1 2911 34]1 41/1 4911 57/2 612 15/2 2512 34] 10 
11. ]1 47/1 38/1 31/1 27/1 24/1 23]/1 24/1 2611 30/1 36)1 49/1 4al1 57/2 512 13/2 21] 11 
1 12/1 55/1 43/1 36/1 30}1 26/1 24/1 23/1 2511 28)1 32/1 37/1 43/1 49/1 5612 3/2 11] 19 
13 |2 3/1 49/1 40/1 34/1 2911 2el1 24l1 g4/1 26/1 Q9/1 33l1 3al1 43l1 49l1 53/2 2! 13 
14 |2 10]/1 55/1 45/1 38/1 32/1 28/1 25)1 23/1 2511 2711 30/1 34l1 38i1 4311 49|1 dal 14 
15 |2 18/2 1/1 50)1 42/1 36/1 31]1 27/1 2411 23/1 2511 27/1 3011 34/1 3811 43/1 481 15 
16 }2 26/2 7/1 55/1 46/1 39/1 34]1 29/1 25/1 22/1 23]1 2511 27)1 3011 34/1 38]1 43] 16 
1 17 |2 34/2 13/2 O}1 50)1 43/1 37/1 31/1 26/1 2211 22]1 2311 25;1 28]1 31/1 34]1 38] 17 
18 |2 42/2 20/2 5/1 54} 1 46/1 40)1 34/1 27)1 23/1 21/1 22/1 23/1 25/1 28/1 31]/1- 34] 18 
19 12 50/2 2712 11/1 5911 50/1 43/4 36) 1 29 1 24)/1 2211 21/1 22/1 23/1 2611 28/1 31] 19 
| 20 {2 59/2 34/2 17/2 4/1 54]/1 46/1 39)1 31}1 25/1 22/1 Qol1 21/1- 22/1 24/1 26/1 28) 20 
1 21/3 7/2 41/2 2312 9/1 58/1 50/1 49/1 33/1 2611 2311 2111 2011 1 22/1 24/1 25) 91 
122 13 1512 48/2 2912 14/2 211 53)1 45/1 35/1 2811 24/1 21/1 20/1 1 21/1 22/1 23) 92 
23 |3 24/2 55|/2 35/2 1912 7/1 5711 48/1 37/1 30/1 2511 2211 20/1 1 20/1 21/1 29) 93 
94 13 32/3 212 41/2 24/2 10/2 111 59/1 4ol1 31/1 2611 2311 21/1 1 20/1 20/1 21] 24 | 
12513 41/3 912 47/2 2912 15/2 411 55/1 42/1 3311 2711 2411 2911 1 19/1 1911 20} 25 | 
126 13 49/3 16/2 53/2 34/2 20/2 811 59/1 45/1 35/1 2911 25/1 29/1 1 19/1 19]1 19] 96 
127 13 58/3 23/2 5912 3912 25/2 12/2 3/1 48/1 3811 31/1 2611 23 1 19]/1 19]1 19} 97 
9814 6/3 3013 5/2 44/2 29/2 1612 71 51/1 4011 39/1 27/1 23 1 19/1 1811 18] gg | 
29 |4 15/3 3713 11/2 4912 33/2 2019 1111 53/1 4211 34/1 2811 24 1 19}1 18/1 18) 29 } 
30 |4 23/3 4413 17/2 54/2 38/2 2412 14/1 56/1 4411 35/1 29/1 24 1 19/1 18/1 18) 30 ff 
31 [4 31)3 5113 2312 59/2 42/2 2819 18/1 5911 4611 37/1 30/1 25 1 20/1 18/1 18! 31 § 
32 |4 3913 5813 2913 4/2 4712 3212 21/2 211 4811 3811 3111 26 1 20/1 19/1 18) 32 § 
33 14 47/4 513 34/3 912 52/2 3612 25/2 511 5111 40l1 33/1 27 1 20/1 19}1 18] 33° § 
34 |4 5514 12/3 40/3 14/2 56/2 40/2 28/2 811 5311 41/1 3411 28 1 21/1 19/1 18] 34 | 
35 15 314 1813 46/3 1913 02 4412 32/2 11/1 5511 43/1 3511 29 1 22/1 20/1 181 35 
36 [5 10/4 24/3 52)3 24/3 4/2 4812 3512 14/1 5711 45/1 37/1 31 1 22/1 20/1 
37 15 18/4 31/3 5813 2913 8/2 5212 39/2 17/1 5911 47/1 3811 32 1 23/1 21/1 
38 15 25/4 38f4 413 34/3 12/2 55/2 42/2 20/2 211 49/1 4011 33 1 24]1 21/1 
139 15 3214 45/4 10/3 39/3 17/2 5912 46/2 29/2 4}1 5il1 4211 35 1 25/1 22/1 
140 15 3914 51/4 15/3 44/3 2113 312 4912 25/2 611 53/1 4311 36 1 26/1 29/1 
4115 46/4 57/4 21/3 4913 26/3 7/2 52/2 2712 811 55/1 45/1 37 1 27/1 2311 20} 44 
1 42 15 53/5 3/4 26/3 5313 30/3 11/2 55/2 30/2 10/1 56/1_46]1 38 1 28/1 24/1 
4316 O15 914 3113 58/3 35/3 15/2 58/2 32/2 1311 58/1 4811 40 1 29/1 g5}1 
14416 7/5 15/4 36/4 313 39/3 1913 112 35/2 1512 oll 4911 41 1 30/1 26/1 
1 46 16 21/5 26/4 46/4 19/3 47/3 26/3 7/2 4012 1912 4}1 52/1 43 1 31/1 27/1 
48 |6 34/5 37/4 5514 2013 54/3 32/3 13/2 4512 9312 8l1 5611 46 1 33/1 28/1 
50 16 47/5 48/5 414 Q8l4 1/3 37/3 1912 50/2 97/2 11/1 59/1 48 1 35/1 29/1 
5216 5915 58/5 13/4 36/4 813 43/3 25)2 55/2 31/2 14/2 21 51 1 36/1 31/1 
5417 11/6 815 22/4 44/4 15/3 4913 30/2 59;2 35/2 1812 411 53 1 38/1 33/1 
56 |7 2216 17/5 30/4 51/4 2113 55/3 3513 4/2 3812 21/2 7/1 56 1 40|/1 34/1 
58 17 31/6 25/5 37/4 58/4 27/4 113 40/3 8/2 41/2 24/2 10/1 58 1 41/1 35/1 
60 [7 40/6 3215 45/5 4/4 3214 613 4513 12/2 44/2 27/2 1212 0 1 42/1 36/1 
62 |7 48/6 39/5 52/5 10/4 38/4 11/3 50/3 16/2 48/2 29/2 14/2 2 1 44/1 37/1 
64 |7 56/6 46/5 5815 15/4 43/4 1513 55/3 1912 51/2 31/2 16/2 4 1 45/1 38/1 
66 18 316 5316 215 20/4 47/4 1913 59/3 22/2 54/2 33/2 1812 5 1 46/1 39/1 
68 |8 10/6 5916 615 24/4 51/4 23/4 9/3 25/2 5612 35/2 1912 6 1 47/1 40/1 
70 6 10/5 27/4 54/4 26/4 4/3 27/2 58/2 36/2 2012 7 1 48/1 41/1 
} 72 4 57/4 2914 6/3 28/3 O12 38/2 21/2 8 1 49}1 41/1 
74 4 gl3 2913 2/2 39/2 2212 9 1 50}1 42/1 
Ost hohe 3 30/3 3/2 41/2 23/2 0 1 50/1 42/1 : 
78 3 4/2 4212 24/2 11 1 51/1 43/1 
80 2 43/2 25)2 12 1 51/1 43/1 
82 2 26/2 12 1 5211 44/1 
84 2 12 1 52)1 44/1 
86 wane 1 52/1 44}1 
6? J 72 18° | 9° | 10°} 11°] 12°} 14°} 16°] 18°} 20°} 22° 26° | 28°| 30° | 
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| TABLE XXXiIll. 
THIRD CORRECTION, TO APPARENT DISTANCE 64°. 


APPARENT ALTITUDE OF THE SUN, OR STAR. 


1B%') 24° 1-462) 98 ) B09 132°) 240 2 
ar NAYS TE WT MTD eT aT TATA Tae Gn ea MMe 
1 26:1 27/1 29/1 32/1 36)1 42)1 49/2 3/2 19)2 35/2 51/3 8/3 24/3 40/3 56/4 12) 6 
1 28)1 26)/1 27 2 42/2 56/3 9/3 22/3 36) 7 
1 32/1 28)/1 26 2 24/2 36/2 4813 O13 11] 8 
V737}1.31) 1.28 2 10/2 20/2 31/2 41/2 51} 9 
1 43/1 35)1 30 1 5912 8/2 17/2 26/2 35) LO 
1 50/1 40/1 33)1 29)1 27)1 26/1 27/1 29/1 33/1 51}1 59}2 7)2 14/2 22) 11 
1 57/1 45]1 37/1 3211 29]1 2711 2611 28/1 30}1 34}1 38]1 44/1 51/1 58)2 5/2 12) 12 
Q All 50/1 41/1 35]1 31/1 29)/1 27/1 27) 1 28/1 31)1 34/1 38) 1 44/1 50)/1 57/2 3! 13 
2 1211 56)1 46/1 39)1 34)1 31]1 29.1 26)1 27} 1 29)1 31]1 34)1 39)1 44)1 5C)1 55) 14 
2 20/2 2/1 S5i1l1 43)1 37]/1 33) 1 30/1 27]1 26/1 27/1 29)1 31/1 35)1 40/1 44/1 49) 15 


~ ef ff SE  S —- | — | — ] — h —— ee ee 


2 27/2 81 56/1 47)/1°41/1 36)1 32/1 28)1 25)1 26/1 27)1 29/1 32)1 36 

2 35/2 14/2 1/1 51} 1 45/1 39/1 34/1 29/1 26)1 25/1 26/1 28/1 30)1 33/1 
2 43/2 21/2 6/1 56)1 48/1 42)1 37/1 31)1 27)1 25/1 25)1 26/1 28)1 30/1 
2 51/2 27/2 12/2 O}1 52/1 45/1 39)1 32/1 28)1 25)1 25)1 25/1 27) 1 28/1 
2 5912 34/2 17/2 51 56/1 49)1 42/1 34/1 24)1 25)1 26/1 


| 
| 


3 7/2 41/2 23 
3 15/2 48/2 29 
3 2312 55/2 35 
3 3113 2/2 41 
3 3913 8/2 47 
3 4713 1512 53/2 35/2 21/2 10/2 O}1 47/1 
3 56/3 2212 59/2 40/2 26/2 14/2 4)1 50/1 
4 413 9913 512 45/2 30/2 18)2 71 53/1 
4 12/3 3613 11/2 50/2 35/2 22/2 11/1 55/1 
4 2013 3 17/2 55/2 3912 26/2 1511 5s/1 


4 28/3 49/3 23/3 0/2 43/2 30/2 18/2 oOj1 
4 36)3 55)3 28/3 5/2 48/2 34/2 22/2 3/1 
4 44/4 2/3 34/3 10/2 52/2 38)2 26/2 61 
4 5214 8/3 39/3 15/2 56/2 41/2 292 81 
5 O14 15]/3 45/3 20)3 1)2 45/2 33/2 11/1 
5 74 21)3' 51 3 5|2 49]/2 36/2 14/1 59}1 47,1 39)1 33/1 
5 14/4 28)3 57 3 91/2 53/2 40/2 17;2 2)1 49/1 41/1 34/1 
5 21/4 34/4 2/3 35/3 14/2 57/2 43/2 20)2 4/1 52/1 43/1 36/1 3 
5 2814 41/4 7/3 39/3 18/3 1/2 46/2 23/2 6)1 54/1 45/1 37/1 1 25)1 23} 39 
5 35,4 47/4 12/3 44/3 22/3 4/2 49/2 26/2 9/1 56)1 46)1 38/1 1 26|1 241 40 
5 4214 53/4 17/3 49/3 26/3 8/2 52)2 2912 11/1 58/1 48/1 40/1 1 26)1 24] 41 
5 49/4 59/4 22/3 53/3 30/3 11/2 55/2 31/2 13/2 O}1 49/1 41/1 1 27/1 24) 42 
5 565 5/4 27/3 58]3 34/3 15/2 59/2 34/2 15/2 2/1 51/1 42)1 1 28/1 25} 43 
6 2/5 11/4 32/4 3/3 38/3 19/3 2/2 36/2 16/2 3)1 52/1 44/1 1 29}1 26) 44 
6 15/5 21/4 4214 11/3 45/3 26/3 8/2 41/2 22/2 6/1 55)1 47/1 1 30)1 27] 46 
6 2815 32/4 52/4 19/3 53/3 32/3 14/2 45)2 26/2 10/1 58 
6 40/5 42)5 «1/4 27/4 0/3 38/3 20/2 50/2 29/2 14/2 
6 52)5 5215 10/4 35)4 7/3 44/3 25/2 55/2 33/2 17/2 
7 316 1/5 18/4 42/4 14/3 50/3 30/2 59/2 37/2 20/2 
7 14/6 10/5 26/4 49} 4 2013 55/3 35/3 3/2 41)2 23/2 
7 24/6 18/5 34/4 56p4 25/4 0/3 39/3 7/2 44/2 26/2 11/2 O11 
7 32/6 26/5 41/5 2/4 30)4 5/3 44/3 11/2 47/2 29/2 14/2 2/1 
7 40/6 33/5 47/5 74 35/4 10/3 49/3 15,2 50/2 31/2 16)2 4/1 55/1 48 
7 4816 40/5 53/5 12/4 40]4 15/3 53/3 19/2 52/2 34/2 19/2 6)1 56)1 49 
7 55/6 47/5 59/5 17/4 45:4 19/3 57)3 22/2 54/2 36/2 21/2 8/1 57/1 50 
8 116 53/6 4/5 22/4 49/4 23/4 1/3 24/2 56/2 38/2 22/2 9/1 59/1 51 
8 716 5916 85 26/4 53/4 26/4 4/3 26/2 58/2 40/2 23/2 10/2 0/1 52 
8 12)7 416 1115 30/4 56/4 29/4 6/3 28/3 0/2 41/2 24/2 11/2 1/1 53 
6 14/5 33/4 59/4 31/4 8/3 30/3 2/2 42/2 25/2 12)2 2)1 54 
5 1/4 33/4 9/3 32)3 4)2 43/2 26/2 13)2 3/1 54 
4 10/3 33/3 6/2 44/2 27/2 14/2 3/1 54 
3 34/3 7/2 45/2 28/2 15/2 4/1 55 
3 8/2 46/2 29/2 16)2 4/1 55 
2: 47/2 29/2 16/2 5)1 56 
6} 1 56 


22° | 24° 
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APPARENT ALTITUDE OF THE SUN, OR STAR. 
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178 TABLE XXXII. 
THIRD CORRECTION, T'0 APPARENT DISTANCE 68°. 
» ’s APPARENT ALTITUDE OF THE SUN, OR STAR. : 
App App 
Alt.| 6° | 72 7) 8° , 9° | 10°] 11° ) 12°) 14°] 16°] 187] 20° | 22° | 24° | 26° | BRe ) 30° JAE. 
hander ea EERIE 
6 11 2911 31/1 34/1 37/1 41/1 46/1 52/2 6/2 21/2 3612 52/3 8/3 24/3 39/3 54/4 10| 6 
y 11 3911 9911 31/1 33/1 36/1 39}1 43/1 54/1 512 17/2 30/2 43/2 56/3 9/3 22/3 36, 7 
8 11 36/1 31]1 29/1 30/1 32/1 34]1 37/1 45}1 5412 4/2 14/2 25/2 37/2 48/2 59/3 11] 8 
g }1 41/1 34/1 31]1 29/1 30/1 31/1 33/1 38/1 46/1 54/2 312 19/2 2912 32/2 42/2 52 
10 |1 46/1 38/1 33/1 30/1 29/1 30]/1 31/1 34/1 40)/1 47/1 54/2 2/2 10/2 19/2 2812 36] 10 
11 11 59/1 43/1 36/1 32/1 30/1 29/1 30]/1 32/1 36]1 41/1 47/1 54/2 1/2 9/2 16/2 24) 41 | 
12/1 59/1 48/1 40/1 35]1 32/1 30]/1 2911 30/1 33/1 37]/1 42/1 48/1 54/2 O12 7/2 14] 12 § 
13 12 61 53/1 44/1 38/1 34/1 3211 30/1 2911 31/1 34/1 3811 43/1 4811 53/1 59/2 5! 13 | 
14 12 1411 59/1 4911 42/1 371/1 34/1 31/1 29/1 3011 32]/1 35}1 39/1 44/1 48/1 53/1 58] 14 | 
15 12 2112 511 54/1 46/1 4011 36/1 33)1 30/1 30/1 31/1 33/1 36/1 40/1 44/1 48]1 53] 15 
1 16 12 28/2 11/1 59/1 50/1 44/1 39]}1 35}1 31]1 29/1 30/1 32/1 34/1 37/1 40/1 44/1 48] 16 
17 12 3612 17/2 4/1 54/1 47/1 42/1 3811 39/1 29/1 2911 30/1 32;)1 34/1 37|1 40/1 44] 17 | 
18 12 44/2 24/2 10/1 59/1 51/1 45)1 40/1 34/1 30/1 28/1 29/1 30/1 32/1 35/1 37/1 40] 18 # 
19 12 5212 30/2 15/2 4/1 55/1 48/1 43/1 35/1 31/1 2811 2811 29/1 31/1 33/1 35/1 37] 19 & 
19013 O12 36/2 21/2 8/1 59]1 52)1 46/1 37/1 32}1 29}1 2811 29/1 30/1 31/1 33/1 35) Q0 | 
P2113 98/2 43/2 26/2 13/2 311 55/1 48/1 39/1 33/1 30/1 28/1 28/1 2911 30/1 31/1 33] a1 & 
9213 1512 4912 32/2 17/2 7l1 58/1 51/1 41/1 34/1 31/1 29]1 27/1 28/1 29/1 30/1 31) 22 § 
1 93 13 23/2 56/2 37/2 2212 11/2 2)1 54/1 43/1 37/1 32)1 29]1 27/1 27/1 28/1 29/1 30) a3 § 
24 13 3113 312 4312 27/2 1512 511 57/1 46]1 39]1 34/1 30]1 28/1 27/1 2811 2811 29) 94 § 
25 13 3913 912 48/2 3212 19/2 912 oli 48/1 41/1 35}1 31/1 29]1 Q7/1 27/1 27/1 28) 25 8 
26 13 4713 1612 54/2 37/2 23/2 1212 4/1 51/1 43/1 36/1 32/1 30/1 28/1 27/1 27|1 27] 96 &- 
197 13 5513 2313. O|2 42/2 2712 1612 71 54}1 44/1 37}/1 33/1 30/1 28/1 27/1 26)1 27| 97 
98/4 213 2913 512 47/2 31/2 19/2 10/1 56/1 46/1 39]}1 34]}1 31]/1 29/1 27/1 2611 26) 98 
1 29 14 10/3 3613 11/2 52/2 35/2 2312 14/1 59]1 48/1 41/1 35/1 32/1 29/1 27/1 26)1 26] g9 
1 30 |4 17/3 42/3 16/2 57/2 40/2 27/2 17/2 1/1 50/1 42/1 36)1 32}1 29/1 27/1 26/1 26] 30 
1 31 [4 25/3 4913 22/3 212 44/2 31/2 20/2 3/1 52/1 43/1 37/1 33)/1 30/1 2811 27/1 26] 31 | 
#32 |4 3213 5513 2713 7/2 4912 34/2 23/2 6/1 54]1 45/1 38]1 33)1 30/1 28/1 27/1 26) 39 | 
A 33 14 40/4 213 33/3 12/2 53/2 38/2 26/2 9/1 56/1 47/1 39]1 34/1 31/1 29/1 27/1 26) 33 
134/14 4814 813 3913 16/2 57/2 42/2 30/2 12/1 58/1 48]1 41/1 35/1 32/1 30/1 28/1 26) 34 § 
135 |4 55/4 1513 45/3 21/3 2/2 46/2 34/2 15/2 O11 50]1 43/1 37/1 33/1 30/1 28/1 26) 35 | 
3615 214 2113 50/3 26/3 612 50/2 37/2 17/2 311 52|1 44/1 38/1 34/1 31/1 28/1 26) 36 
37 15 10/4 27/3 56/3 30/3 10/2 53/2 41/2 20/2 5/1 54/1 46/1 39/1 35/1 31/1 28/1 Qf) 37 | 
13815 17/4 33/4 118 35/3 1412 57/2 44/2 22/2 7/1 56/1 48]1 41/1 36/1 32/1 29/1 27| 38 § 
39 15 2414 39/4 €13 40/3 1813 112 47/2 25/2 911 58/1 50/1 43/1 37/1 33/1 30/1 27] 39 } 
40 15 31/4 45{4 11/3 45/3 22/3 5/2 50/2 27/2 11/2 O}1 51/1 44/1 38/1 34)1 31)* 2% 40 
41 15.3814 51/4 1613 4913 26/3 9/2 53/2 3012 14/2 2/1 53)/1 45/1 39/1 3511 31/1 28) 4] 
142 15 44/4 57/4 21/3 53/3 30/3 12/2 56/2 32/2 16/2 4/1 54/1 46/1 40/1 3611 32/1 29] 49 | 
84315 5015 214 26/3 58/3 34/3 16/2 59/2 34/2 1912 6]1 56]1 48/1 41/1 37/1 33/1 30] 43 } 
£4415 5715 8/4 31/4 2/3 3813 1913 3/2 37/2 21/2 811 57/1 49]}1 43/1 38/1 34/1 31] 44 | 
146 16 1015 19/4 41/4 1013 46/3 26/3 9/2 42/2 25/2 11/1 59]1 51/1 45/1 40/1 35/1 31] 46 
B48 16 22/5 2914 50/4 1813 53/3 3213 15/2 47/2 29/2 14/2 2/1 54/1 47/1 41/1 36/1 32] 48} 
150 16 3415 39/4 5914 2613 59/3 3813 21/2 5212 33/2 18/2 5/1 56/1 49/1 43/1 3811 33] 50 & 
5216 4515 4815 7/4 3314 6/3 44/3 2612 56/2 36/2 21/2 8]1 58/1 51/1 45/1 39/1 35] 52 F 
54.16 5615 5715 4414 40/4 1213 50/3 31/3 0/2 39/2 24/2 11/2 O]1 52/1 46/1 40/1 36] 54 
5617 G16 615 2114 46/4 1813 55/3 36/3 4/2 42)2 27/2 14/2 2)1 54/1 4711 4111 37] 56 
58 17 1516 14/5 2al4 52/4 24/4 O13 41/3 8/2 45/2 29/2 16/2 4)1 56)1 49]1 43/1 38] 58 
60 17 24/6 22/5 35/4 38814 29/4 5/3 45/3 12/2 48/2 32/2 18/2 6]1 58/1 51/1 45/1 39) 60 
62 17 3316 29/5 4215 3/4 34/4 10/3 49/3 15/2 51/2 34/2 20/2 8]1 59]1 52}1 46/1 40) 62 
6417 4116 3515 48/5 814 39/4 14/3 53/3 18/2 54/2 36/2 22)2 10/2 1/1 53/1 47/1 41] 64 
66 17 4816 4115 53/5 1314 4314 1813 57/3 21/2 56/2 38/2 24/2 12/2 211 54}/1 48l1 42] 66 
68 |7 5516 4715 58/5 17/4 47/4 22/4 O13 24/2 59/2 40/2 26/2 14/2 3]1 55/1 49/1 43] 68 | 
7018 116 5216 315 21/4 51/4 2514 3/3 27/3 112 42/2 27/2 15/2 4/1 56/1 50/1 44] To 
7218 716 5716 815 25/4 55/4 28/4 613 30/3 3/2 44/2 28/2 15/2 511 57/1 51/1. 45] 72 
7418 1217 116 1215 2914 58/4 30/4 98/3 32/3 5/2 45/2 29/2 16/2 511 57/1 51/1 45] 74 
76 |8 17/7 5/6 15]5 3215 1/4 32/4 10/3 34/3 7/2 46/2 30/2 17/2 6/1 58}1 5ij1 45] 76 
78 6 1815 3515 314 34/4 12/3 35/3 912 47/2 31/2 1812 711 5al1 5911 46) 78 
80 5 514 36/4 1313 36/3 10/2 48/2 32/2 1812 71 59/1 52/1 46) 80 
82 A 14/3 37/3 11/2 49/2 32/2 19/2 81 59/1 52/1 46] 82 
84 3 38/3 11/2 50/2 33/2 20/2 912 o]1 53/1 46} 84 
36— ae 3 12/2 50/2 33/2 20/2 912 oO]1 53 86 
6? | 7° | 8° | 9° | 10°] 11°} 120} 14°} 16°] 18°] 20°} 22°] 24°! 26°] 28°] 30° 


TABLE XXXIII. 179 
THIRD CORRECTION, TO APPARENT DISTANCE 68°. ° 


3 APPARENT ALTITUDE OF THE SUN, OR STAR. D's 
App} App. 
Alt.| 32°) 34°) 36°] 38° | 42° | 46°) 50°) 54°91 58° | 62°] 66°) 70° 78° | 82° | 86°| Alt. 
a ieee ET pg apd Ap ete Le) Pe OF ACR. orl var | PEL OR ORBED oer PPPs be oan t 

6 14 25/4 4014 5515 11/5 4016 516 2916 51/7 11/7 2917 4518 O18 6 | 

713 4914 114 14]4 27/4 52/5 15/5 35/5 53/6 1016 2516 38/6 50 7 | 

8 13 2213 3313 4413 55/4 17/4 3714 5515 11/5 25/5 3815 Sile6 2 18 8 | 

9/3 113 1113 21/3 30/3 4814 614 22/4 3614 4915 O15 1015 19 30; ° 9 } 
10 12 44/2 5313 2/3 10/3 25/3 4113 55/4 9/4 21/4 31/4 40/4 49 3 10 | 
11 |2 31/2 39/2 47/2 54/3 8/3 22/3 35/3 47/3 S58l4 8/4 16/4 23/4 29/4 34 11 | 
12 |2 20/2 27/2 34/2 41/2 5313 613 18]3 2913 3913 4813 55/4 2/4 74 1114 15 12 
13 2 11/2 17/2 23/2 2912 4112 52/3 213 1213 2213 3013 37/3 43/3 4813 5913 56 13 | 
14/2 312 912 14/2 1912 30/2 40/2 4912 5813 613 14/3 20/3 26/3 31/3 3513 38 14 | 
15/1 57/2 22 612 1112 21/2 30/2 3812 4612 54/3 113 713 12/3 1613 20/3 23 15 
16 }1 52/1 56/2 0/2 4/2 13/2 21/2 29/2 37/2 44/9 5012 55/3 O13 4/3 8/3 10/3 12] 16 | 
17. }1 47/1 51/1 55/1 5812 612 14/2 2112 2912 3519 4012 45/2 49/2 5312 57/2 5913 oO] 17 
18 }1 43/1 47/1 50/1 54/2 112 82 1412 21/2 2719 3912 36/2 40/2 44/2 47/2 49l2 5c] 18 | 
19 |1 49/1 43/1 46/1 50]1 5612 22 82 15/2 goleg 9512 29/2 3212 3612 39/2 4112 491 19 
20 }1 37/1 40/1 43/1 46/1 52/1 57/2 3/2 9]2 14/2 19)2 29/2 25/2 28/2 31/2 33/2 34) 20 F 
21 }1 35/1 37/1 40/1 4311 48/1 53/1 5812 312 8/2 12/2 16/2 19]2 2112 23/2 25/2 Qe] 21 | 
22 11 33/1 3511 37/1 40/1 44]1 49]1 54/1 58/2 22 62 10/2 13/2 15/2 17/2 19/2 20} 22 | 
23 11 31/1 33/1 35/1 37/1 41/1 46/1 50/1 54/1 57/2 112 52 8/2 10/2 12/2 14/2 14] 23 | 
24 }1 30,1 31/1 33}1 35/1 39/1 43/1 47/1 SOlt 53/1 S7]2 o}2 3/2 45/2 72 9/2 10} 24 | 
25 }1 29/1 30/1 31/1 33/1 37/1 40/1 4411 4711 5011 53/1 56/1 5912 112 212 4/2 51 25 | 
26 11 23/1 29/1 30/1 32/1 35/1 38/1 41/1 44]1 47/1 50}1 53/1 55/1 57/1 58/1 59/2 OO} 26 
97 11 27/1 28/1 29/1 30/1 33/1 36/1 38]/1 41/1 44/1 47/1 50/1 52]1 53/1 54)1 55]1 56) 27 § 
98 }1 27/1 27/1 2811 2911 31}1 34]1 36/1 3911 41} 44]1 47/1 4911 5011 “51]1 5211 52) 28 Ff 
99 11 26/1 2611 27/1 28/1 2911 3211 34/1 37/1 3911 4111 44/1 46/1 47/1 48l1 49 29 | 
130 |i 2611 26/1 26;1 27/1 2811 30/r 3211 35/1 3711 3011 41/1 4311 44/1 45]1 46 30 § 
31 }1 25/1 25/1 2611 2611 27/1 29/1 31/1 33/1 35/1 37/1 39]1 40/1 41/1 4911 43 31 
32 11 Qdl1 25/1 2511 25/1 Qel1 28l1 2911 31/1 33/1 35]1 37/1 3811 39/1 4ol1 41 32 | 
33 [1 25/1 24/1 25/1 25/1 26/1 27/1 28/1 30/1 31/1 33/1 35|1 36/1 37/1 38 33 
34 11 25/1 24/1 24/1 2411 25/1 26/1 27/1 29/1 30/1 31/1 33]1 34]1 35/1 36 34 
35 |1 25/1 24/1 24/1° 24/1 24/1 25/1 2611 2811 29/1 30/1 31/1 32/1 33/1 34 35 
36 |1 25) 1 24/1 23/1 23/1 23/1 24/1 25 1 
37 |t 25/1 24)1 23/1 2311 23/1 23/1 24 1 
P38 }1 25/1 241 23)1 29/1 22l1 23l1 24 1 
139 11 Q5|1 24/1 2311 Qala 2211 23/1 23 1 
Mo }1 26/1 25/1 24/1 23/1 2211 Q2l1 23/1 2° 1 
4 41 |1 1 24/1 23/1 21/1 21/1 22 
1 42 |1 1 24/1 2311 21/1 21/1 21 
43 |1 1 24/1 2311 21/1 21/1 21 
44 |1 1 24/1 23/1 21/1 20/1 20 
46 }1 1 25}1 24/1 21/1 19/1 19 


§2 11 3 Pozi 25) 1 2211 20)1 18 
54°11 32 1 27)1 26/1 23)1 20)1 18 
56 |1 33 1 28/1 26)1 23/1 20)1 18 
58 i1 34 1 29)1 27)1 23)1 20)1 18]/1 16 : 
60 |1 : 1 29)1 27/1 23/1 20/1 18/1 16 {TABLE P. EFFECT OF SUN’S PAR 
Bail ¢ 1 30/1 28)1 23/1 20/1 18 Add the Numbers above the 
64 11 1 30)1 2811 2411 2011 17 lines to 3rd Correction, sub- 
66 |1 1 31/1 28l1 241 20 . tract the others, 
—|——_ — | | | | —_— | ——_ |_| |__| *| Sun’s Apparent Altitude} | 
68 |1 ; 1 31/1 28/1 2411 20 pp] i do 
70 , 1 39 1 99 1 24 2 0/20/30[40)50[60; 7020908 F 
72/1 1 32/1 29)1 24 i Bie 
0 2)2 
74 |1 1 32/1 29 Seri tidy 
76 1 40/1 36)1 32/1 29 MLA) 9 lo 
78 |1 jE v4 4 2/2 
80 }1 4 313 
82 1 fi 6 5 4 
7\7 6 

84 3}7 
86 Be. SP YORE Se a ne 2 9 eae 8/8 

32? 36° | 38° | 42°} 46°] 50° 


TABLE XXXIII. 
THIRD CORRECTION, TO APPARENT DISTANCE 172°. 


D’s 


APPARENT ALTITUDE OF THE SUN, OR STAR. 
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TABLE XXXII. 


THIRD CORRECTION, TO APPARENT DISTANCE 172°, 


de APPARENT ALTITUDE OF THE SUN, OR STAR. 
132° 1 34°) 36°] 38° | 42° | 46°) 50°) 54°) 58° | 62°] 66° 78° 

er Ses Se serene ee ee Cee LE A PS EP TLE RR Fe POP PP PS PPE OS PTD Pee eae 
6 |4 2714 4114 5615 1115 3816 316 2716 4817 8l7 2717 4917 5518 618 16 
713 5114 3/4 16/4 28]4 5115 1215 32/5 5116 8l6 2316 3616 48/6 5817 7 
8 13 2513 3613 47/3 58/4 1814 3614 54/5 1115 2615 3915 5116 1 916 16 
913 413 14/3 2413 33/3 51/4 814 23/4 37/4 5015 115 1115 20/5 2815 35 
10 12 4812 5713 613 14/3 2913 4413 5814 1014 2914 ‘3314 49l4 50/4 57/5 3 
11 |2 35/2 4312 5112 5813 11/3 2513 37/3 4813 5914 9/4 17/4 24/4 30/4 35 
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TABLE XXXII. 189 
THIRD CORRECTION, TO APPARENT DISTANCE 88°. 


APPARENT ALTITUDE OF THE SUN, OR STAR. D 5 
App. App 
Alt.| 32° , 34° 42° | 46° | 50% | 549 66° ; 70° se 
eNO rerrisg lenr ) o7 Nd RP Wrrrs Rm puny Pra ames EPG Prulrs fine LENT tomar DeITaE 
614 40/4 5415 815 2215 48/6 13/6 36/6 57/7 16/7 34/7 49/8 2/8 13/8 21/18 27/8 321 6 
714 4/4 16/4 2814 4015 3/5 2515 45/6 4/6 2116 3616 4917 O17 917 1617 2217 27] 7 
813 41/3 5214 3/4 13/4 33/4 5215 10/5 26/5 40/5 53/6 5/6 15/6 23/6 2916 34/6 371. 8 
9 13 2213 3113 4113 50/4. 8l4 24/4 3914 5315 515 1615 2615 3515 4315 4915 54 Q 
10 13 63 14/3 2213 3013 46/4 1/4 1514 2714 38)4 4914 58l5 715 14/5 1915 23 10 
P1112 5413 23 913 16/3 30/3 43/3 56/4 7/4 17|4 27/4 36/4 43/4 49]4 5314 57 1 
11212 44/2 51/2 58/3 413 16/3 28/3 40/3 50/4 O14 8] 4 16/4 23/4 2814 3914 36 12 
13 {2 35/2 4112 47/2 5313 4/3 1513 2613 35/3 4413 52/3 5914 514 1014 13 ‘13 
14 12 27/2 33/2 38/2 44/2 54/3 4/3 14/3 2213 3013 34713 44/3 50/3 5413 57 14 
15 12 22/2 27/2 32/2 36/2 46/2 55/3 4/3 11/3 18/3 25/3 31/3 37/3 4113 44 15 
16 12 17/2 2112 26/2 30/2 39/2 47/2 5513 213 913 1513 2113 26/3 30/3 33 16 
17 12 19/2 16/2 21/2 25/2 33/2 40/2 47/2 54/3 O13 613 12/3 1613 19 17 
18/2 2 12/2 16/2 20/2 27/2 34/2 41/2 47/2 5319 5si2 3/3 713 10 18 
1912 512 812 1212 16/2 22/2 29'2 3512 41/2 47/9 5219 5612 5913 2 19 
20 12 3/2 612 912 12/2 18)2 24/2 3012 3512 4112 462 49/2 52/2 54 20 
21/2 112 312 62 82 14/2 19]2 25/2 30/2 35/2 4012 43/2 46 21 
9211 5912 112 312 5/2 10/2 15/2 20/2 25/2 3012 35/2 38}2 41 22 
23 11 57/1 5912 112 3/2 7/2 12/2 16/2 21/2 2612 3012 33/2 36 23 
§ 24 |1 5611 57/1 59:2 112 512 9/2 1312 1712 2212 26/2 29/2 31 24 
225 11 55/1 56/1 57/1 59/2 312 6/2 10/2 14/2 18)2 2212 25 25 
96 |1 54/1 55|/1 56/1 58/2 31/2 4/2 8/2 12/2 15/2 1812 21 26 
27 11 63)1 54)1 55}1 57/2 O}2 3/2 G62 10/2 13/2 15/2 17 27 
f 28 |}1 53/1 54/1 55)1 56/1 58/2 112” 4/2 812 11/2 13/2 14 28 
1 29 |}1 52/1 53/1 54/1 55/1 57/2 C)2 3/2 62 82 10 29 
8 30 |1 52/1 53/1 53}/1 54/1 56/1 59/2 212 412 GQ 8 30 
B31 {1 52/1 52)1 52/1 53/1 55/1 58/2 O12 22 dio 5 * 31 
32 11 51/1 52/1 52/1 53/1 55/1 57/1 5912 112 Qe ‘3 32 
33 |1 52/1 51]1 51]1 52/1 54)1 56)1 58/1 59/2 O 33 | 
34 }1 52)1 51)/1 51/1 52/1 53)1 55/1 57)1 58/1 59 34 | 
35 }1 52}1 51]1 5i!1 5111 52)1 54]1 5611 57} 1 57 | 35 | 
£36 |1 53/1 52| 1 51}1 51/1 52/1 53/1 55)/1 56/1 56 36 | 
37 }1 53)1 52)1 51/1 51]1 51)1 52/)1 54]1 55 | 37 
38 |1 53/1 52/1 51]1 50/1 51]1 52/1 53/1 54 | 38 
39 |1 54/1 52)1 51/1 50/1 51/1 52/1 52)1 53 39 
AO |1 54/1 53)1 52)1 51/1 50)1 51)1 52}1 52 40 
a4) +1 54)1 53/1 52/1 51)1 50)1 51}1 51 41 
42 |1 54/1 53]1 59/1 1 
43 11 55|1 5411 53/1 ] | 
44 }1 56/1 5411 53/1 1 | 
846 |1 57!1 55/1 53/1 1 
| 
| 


TABLE P. EFFECT OF SUN'S PAR 


48 |1 58)1 56/1 54/1 
50 }1 59)1 57|1 55/1 
om P2 O11 5811 55/1 
5412 1 5811 58/1 
56 12 21 59/1 56/1 To be subtracted from the 
- iS ie ae ee nt ree d Third Correction. 
58 |2 311 59)1 56 ey SS LT ae eT TTY 
60 |2 3/1 59 a Sun’s Apparent A!ti ude 
62 12 4 i, 5 }10}20)30'40/50/60)/70/8¢ (96 
64 ; 
66 1} 1}1 
aS eS a ad PY | el eae Pe ed Se dl eee ree t}tj1 
68 alole 
70 313 
4}4}4|4 
72 4|4}4]4 
74 5151515 
6)6)616 
76 6 6 6 6 
73 7 7|7|7 
7 80 #/9|8 
Flgis 
82 Blals 
84 9}9 
amt |) ee Rs supe eee pa 519 
32° | 34° | 36° | 38° | 42° | 46° | 50° | 54° | 58°} 62°] 66° 
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APPARENT ALTITUDE OF THE SUN, OR STAR. 
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TABLE XXXII. 191 
THIRD CORRECTION, TO APPARENT DISTANCE 92°, 


Bp APPARENT ALTITUDE OF THE SUN, OR STAR. fi 8 
f . pp. 
Alt.| 32° | 34°) 36° 1; 38° | 40° | 42° | 46° | 50°) 54° | 58° | 62°, 66° | 70°] 7491 78°! R21 Alb. | 


TAS Gl See 2 PEE Laney ate. OF ees PPT e 


re) / ’? / 7 / vr / Vd, / Pie prige / a? , v7 > “ry Oo 
614 4715 25 16/5 30/5 44/5 57/6 21/6 44/7 517 24/7 4917 5alg 1218 2918 3018 36 6 
714 1214 24/4 36/4 4815 015 11/5 3315 5316 1216 2916 4416 5817 1017 1817 9517 3c] 7 
8 '3 4813 59/4 10/4 20/4 30/4 4014 5915 17/5 3315 4gl6 116 1316 2316 3116 37/6 411 8 
9 13 2913 383 48/3 57/4 G64 14/4 3014 4515 O15 13/5 25/5 3515 4415 5215 58 4 
10 [3 13/3 21/3 30/3 38/3 45/3 52|4 8/4 22/4 34/4 46/4 57/5 7/5 15/5 29/5 27 10 
11/3 113 813 16/3 22/3 2913 36/3 50/4 3/4 14/4 94/4 3414 43/4 5il4 dria 2 11 
12 |2 51/2 57 413 1013 17/3 2213 35/3 47/3 5714 614 15/4 23/4 B04 Bela 41 12 
13 |2 42/2 47/2 5312 5913 613 12/3 2313 333 42139 51/4 ol4 714 1314 17 13 
14 |2 34/2 3912 44/2 50)2 5613 2/3 1213 2113 3013 39813 4613 5213 5714 1 14 
15 12 2812 3312 38/2 43/2 48/2 53/3 2/3 1113 1913 9613 33/3 3913 4413 49 15 
16 |2 23/2 2812 32/9 37/2 42/2 4612 54/3 213 913 1el3 2213 2813 3313 38 16 
17 |2 19/2 23/2 27/2 32/2 36/2 40/2 47/2 54/3 113 7/3 13/3 1913 24 17 
18 12 16/2 1912 23/2 2712 31/2 34/2 41/2 48/2 5413 Ol3 @l3 1113 15 18 
19 12 13/2 1612 1912 23/2 26/2 gale 3612 42/2 4819 54/9 5913 4/3 7 19 
20 |2 10/2 13/2 16/2 19/2 22)2 25/2 31/2 37/2 43/9 gale 53/2 57/3 0 20 
21 12 | 2 1012 13/2 16/2 1812 21/2 2612 3212 38l9 4agle 47/2 51 21 
2212 62 82 10/2 1312 15}2 17/2 2212 2812 33/9 3sl2 4912 45 22 
23 12 42 2 82 1012 12/2 14/2 19/2 2412 Q919 3412 38/2 41 23 
9412 9/2 62 82 10'2 12/2 16/2 2112 2619 3012 34/2 38 o4 
25/2 1/2 3/2 4/2 62 8/2 10/2 14/2 18/2 2212 g6/2 30 25 
2612 1/2 2 512 G2 gl2 12/2 15/2 1919 93/2 26 26 | 
27 |2 oO 29 42 4512 712 10/2 13/2 1619 9012 23 | 27 | 
98 11 59/2 2 31/2 4/2 612. 812 1112 1419 17/2 20 | 98 | 
29 }1 59/1 5912 O12 22 3/2 512 712 10/2 1219 15 29 | 
39 |1 59)1 59 2 1/2 22 4/2 62 92 11/9 13 ‘ae 30 
31 j1 59/1 591 59/2 oOf2 -1/2 3/2 5/2 72 Me a1 | a 31 | 
32 |1 59)1 5911 5912 O12 11/2 212 412 G62 Teo g 32 | 
33 |1 59/1 59/1 59/1 5912 O|2 112 3/2 5/2 6 33 | 
3441 5/1 58)1 59/1 5912 O}2 112 QB2 42 5 | 34 
35 |1 59/1 58/1 5911 59/2 O12 Of2 112 3/2 4 35 
3612 01 59 15912 O12 O12 112 212 8 36 
37 12 ol1 5! 1 58/1 59}1 5912 O12 J 37 
38 12 o|1 5: 581 5911 5912 oO|2 1 38 | 
39 12 1/2 5811 5811 5911 59/2 0 39 | 
40 12 112 1 59/1 53/1 58/1 58/1 59/2 0 40 
4112 12 1 59/1 59/1 58/1 58}1 58 41 
4212 212 O11 59/1 5911 5Rl1 58l1 58 42 
43 12 2/2 1/2 O|1 59/1 58/1 58/1 58 43 
4419 3/2 112 ol1 59/1 5811 58)1 57 44 
4512 312 212 1/2 ol1 59/1 58 45 
46 |2 4/2 2 112 O11 59]1 58 46 | 
47 }2 4/2 212 112 O]1 59/1 58 AT | 
48 |2 5/2 2 2\2 1} 1 59)1 59 ‘(TABLE P. EFFECT OF SUN’S PAR 48 
5012 62 412 212 112 0 vate: 7 eam ei waar 1) 1 
52 }2 712 5/2 3/2 I AGS 4 NIAC S| FR MR eI Ae Yoo eas Pc ace OLR Bra 
5412 82 5/2 3 7s 54 
56 12 912 rey Sun’s Apparent Altitude. (56 
58 12 10 Alt.} 5 [10/20/30°40/50/60)70/8Gef | 58-4 
60 —Talalalelelolslolelnge | 60 
A 62, Sititlelpiaztatadada | 62 
| |] —— |] |] | — ] ——_ | —_ | —_ | ——_|-——_| ——] ] 10 J 2/2] 2! 2/2} 2/2]2)2;0] — 
oA ialeisiaistelata ag) 
OO TBIZIBS IB AIS ls { 
so 25 (4l4{a {ala (44 Bias 
68 30 |4/4]5)5)5)5)5 68 | 
70 oad by Bald ed 1 70 
¢ 6/6/1616) 616 
72 He 61616|7|7 ¥ 72 
ee ee ee eee eee ee rr ee el TiN ty ty —— 
74 i a7 ; ; 74 | 
76 8|S 76 
8 8 
78 olals 78 
80 9\9 80 | 
9/9 82 | 
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THIRD CORRECTION, TO APPARENT DISTANCE 96°. 


APPARENT ALTITUDE OF THE SUN, OR STAR. 
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TABLE XXXII. 
THIRD CORRECTION, TO APPARENT DISTANCE 100°, 


APPARENT ALTITUDE OF THE SUN, OR STAR. 
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‘TABLE P. EFFECT OF SUN’S PAR. 


To be subtracted from the 
Third Correction. 


9 ' 
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TABLE XXXII. 197 
THIRD CORRECTION, TO APPARENT DISTANCE 104°. 


. APPARENT ALTITUDE OF THE SUN, OR STAR. D's 
App. __ {App 
Alt.| 32° 1 349 1 36° | 38° | 40° | 42° | 44% | 46° 1 48° | 50° | 52° 1 54° | 58°} 62° | 66° | 70°] Alt. 
Moleivir nln wince fr wpe le rhs wtp alent wir | ele wets rl oo | 
~6 15 16/5 31/5 45/6 O16 14/6 28/6 41/6 54/7 G7 18)7 2917 40/8 O18 1918 35/8 49] 6 

744 4214 5615 815 2015 31/5 42]/5 55)6 416 15/6 26)6 37/6 47/7 4)7 1917 33/7 46] 7 

8 |4 16/4 28)4 39,4 49/4 59)5 915 1915 2815 3815 4715 57/6 6/6 2116 3416 46/6 57] 8 

913 55}4 5/4 15]4 25) 4 34)4 43)4 52)5 O75 8/5 16)/5 24/5 32/5 4615 5816 9 Ue 
10 }3 40/3 4913 58/4 74 15/4 23/4 31 + 38 4 °45)4 52/4 59)5 6/5 1815 3015 40 10 
11 13 27/3 35/3 43/3 51/3 58/4 Sj4 12)4 19)4 Q6l4 3914 38/4 4414 55/5 G5 16 11 | 
12 13 16/3 2313 30/3 37/3 44/3 51/3 S584 4/4 10)4 17)4 23/4 28/4 3814 4714 56 12 | 
foto fae bape) 2013) 3613 3313 39/3) 4513 51)3 S6)4 974 “FI 4 1214 9214 30 13 ¥ 
14 12 5912 =§AI3 11/3 17/3 23/3 29/3 34/3 3913 44/3 49/3 5413 5914 8&4 15 14 { 
15 }2 53/2 5813) «413 913 15/3 20/3 25/3 29/3 34/3 3813 43/3 47/3 5613 3 15 
16°92 482 5382 5813 3/3 813° 123 1713 2173: 2513: 9913: 33/3 3713 4513 52 16 
17 }2 44/2 4919 53/2 58/3 213 63 10/3 1473 17/3 9113 25/3 2913 36 
18 }2 41/2 45/2 4912 53/2 57/3 1/3 4/3 813 11/3 1513 18/3 22/3 29 
19 12 382 41/2 45/2 49/2 53/2 56)2 5913 3/3 G3 9/3 12/3 16/3 22 
20 12 35/2 32/2 42/2 45/2 4912 52 2 55 2 58/3 3/3 4/3 73 10/3 16 
21 12 33/2 36/2 39/2 42912 45/2 48/2 51/2 54/2 5713 al3 3)3 5 
22 12 31/2 3412 36/2 39/2 42/2 45/2 47/2 50)2 53/2 56/2 59)2 1 
23 |2 30) 2 3212 34/2 37/2 3912 42/2 44/2 4712 50/2 53/2 55)2 57 
2412 29:2 31/2 3312 35/2 37,2 40/2 42/2 44/2 47/2 50)2 52)2 54 
25 12 282 292 31/2 33/2 35/2 38/2 40/2 42/2 44/9 47/2 49 
26 |2 27/2 28/2 30/2 32/2 34)2 36/2 38/2 40/2 42/2 44/2 46 
27 12 26/2 27/2 29/2 31;2 32)2 34/2 36/2 3812 40/9 4) 

28 12 26/2 27/2 28/2 30/2 31/2 33/2 35/2 36/2 38/2 39 
29 (2 25/2 26/2 27/2 29/2 30/2 32)2 33/2 34/2 36 
30 12 8512 262 27iQ sgla 2a2 31j2 322 3312 34 teed | 
31 |2 2 2AQ 27/2 22 30/2 31/2 32 
32 2 26/2 27|/2 28)2 29)2 30)2 3i 
33 2 25/2 26/2 27/2 22 29 
34/2 2 25/2 26/2 27)2 27/2 28 
35 [2 2 25/2 26/2 26/2 27 
1 36 12 
1 37 |2 
H 38 | 2 
4 39 |2 
H 40 |2 
HAI }2 
1 42 |2 
43 12 
f4i 2: 
445 12: 
46 |2 
TABLE P, EFFECT OF SUN’S PAR 
a eae To be subtracted from the 
Third Correction. 
“| Sun's Apparent Altitude. 
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TABLE XXXIL 


THIRD CORRECTION, TO APPARENT DISTANCE 108°. 
’s ; ; D's 
PPARENTL ALTITUDE OF THE SUN, OR STAR. 

FA pp. _ 5 Saas e App | 
Alt.| 32° 1 34° 1 36°17 38° | 40° | 42° | 44% | 46° 48° 50° | 52° 1 54° | 569 | 58° | 62° ! G6°] Alt. J 
Rs 1p Saphir ees HEL PL Ree CFL Pcie eas oes GET POPE EERE ELE Ph Od 
615 3015 4516 O16 1516 2916 44/6 58/7 1117 23\7 34/7 45/7 56/8 G8 1618 35/8 53] 6 
714 5515 85 2115 34/5 46/5 5816 1016 2216 33/6 43/6 5317 217 1117 2017 35/7 AT] 7 
8 14 2914 41/4 5215 3/5 13/5 23/5 34/5 4415 5416 4/6 13/6 22/6 3016 38/6 5117 1 8 | 
Offi S14 1814 S84 38 1-48)4 S710 G5 1575 2315 3115 38/5 43515 5316 116 14 9 | 
1013S S34 4 94 18) 4 27/4 36/4 44/4 52/4 59/5 6Ghpd213t3) 20) 5 STs) 3315045 10 ¥ 
11 13 3813 4613 54/4 2/4 10)4 18/4 25/4 33/4 40/4 47) 4 53/4 59/5 515 1115 20 11 | 
12°13 3713 $4)3- 4113 48\3 56/4 4/4 11/4 18)4 2314 3014 364 4214 47/4 5915 0 12 f 
13 13 1813 2413 3013 3713 4413 51/3 5814 4/4 10/4 15) 4 2114 2614 3014 34 13 } 
PIs iia 1643 2213 283 3413 40/3 46/3 5213 584 314 S14 1914 1614 Bu ee 
ipsa) Ala  9)3) 14/3. 201 3..25)3 31/3 36/3 42/3 47/3 52/3 56)4 Tae $78 15° 
6552 593 B33 813 13/3 18/3 2313 SRis 3313 383 43/3 4713 S13 5513 58 16 § 
Wareeste Osa. sla Zia 1263 17s Zs 26)3 3013 ° 9513 3913 4313 46 17 j 
lepers ollie 5472 5913 3/3 7I3 11/3 Jos 2013 249 9813 39/3 35/3 38 18 f 
19 12 48/2 5112 55/2 5913 3/3. G3 10/3 1413 18/3 29913 2513 28 19 § 
20 os eatin i he 213 6} 3 913 1313 16/3 19/3 22 20 
21 412 44/2 47/2 50/2 53/2 56/2 5913 23 513 913 1213 14 91 
22 12 42/2 45/2 48/2 50/2 53/2. 56/2 593 23 3513 813 10 22 
223 42 31/2 43:2 46/2 4812 50/2 53/2 56/2 5913 23 4 5 93 F 
24/2 40,2 4219 4412 46/2 48/2 51/2 53/2 5612 5913 4 24 f 
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TABLE XXAUI ‘205 
THIRD CORRECTION, TO APPARENT DISTANCE 120°. 


)’s APPARENT ALTITUDE OF THE SUN, OR STAR. D's 
App. __ |App. 
Alt.| 24° | 267 7 28°) 30° | 32°) 34°) 36°) 38°) 40° | 427 | 44° | 46° | 48°) 50° 1 52e , 54° Alt. 
Pooler wile wie ole le le lr ole ole ole le le ole le ale le al of 
1 6/5 15}5 32)5 4916 6/6 23/6 41/6 58/7 14/7 30/7 46/8. 2/8 17/8 31;8 44/8 57/9 9] 6 
714 45/5 O15 15/5 30/5 45/6 0/6 15/6 29/6 4316 56/7 8|7 21/7 33/7 45]7 57 7 
8 \4 25)4 3814 5115 4/5 17/5 30/5 43/5 56/6 8l6 20/6 31/6 4216 53/7 317 13 & 
9 }]4 94 20/4 3114 43/4 55)5 7/5 18]/5 28/5 3815 49/6 O16 10/6 20/6 29 9 
10 |3 57/4 T]4 17/4 27/4 37/4 47/4 57/5 715 17/5 27/5 37/5 4615 5516 3 10 
} 11 |3 47/3 56/4 5/4 14/4 23/4 39/4 42/4 51/4 59/5 815 17/5 25/5 33 ; 11 
1 12 13 3913 47/3 55/4 3/4 11/4 19] 4 2814 36/4 44/4 59/5 015 7/5 14 12 
13 |3 32/3 39/3 46/3 53/4 0/4 814 16]4 24/4 31/4 38/4 4el4 53 13 
14 |3 27/3 33/3 39/3 46/3 52/3 59/4 6/4 13/4 20/4 27/4 34/4 40 14 
15 |3 23/3 29/3 34/3 40/3 46/3 52/3 58/4 4/4 11/4 18/4 24 15 
1 16 13 2013 25/3 30/3 36/3 41/3 4613 52/3 58/4 4/4 10/4 16 16 
17 |3 1813 22/3 27/3 32/3 3613 41/3 47/3 52/3 5814 3 17 
18 |3 16/3 20/3 24/3 28/3 3213 37/3 49/3 47/3 5213 57 18 
19 |3 15/3 18/3 2113 25/3 29/3 33/3 3813 43|3 47 19 
20 13 1413 16/3 19|3 23/3 27/3 3113 35/3 39/3 43 20 | 
21 13 1313 15/3 17/3 21/3 24/3 28/3 32/3 36 21 
22 13 12/3 14/3 16/3 19/3 22/3 26/3 29/3 33 22 
23 13 12/3 13/3 15/3 18/3 21/3 24/3 27 23 
24 13 1213 13]3 15/3 17/3 20/3 23/3 26 24 
| 25 13 12/3 13}3 15/3 17/3 19/3 21 25 
26 |2 1313 14/3 15/3 16/3 18/3 20) - 26 
27 13 14/3 14]3 15/3 16/3 18 27 
28 13 15,3 14/3 15/3 16/3 18 28 
29 13 16/3 15]3 15/3 16 29 
30 13 1713 16]3 16/3 16 30 
1 31 13 1813 17/3 17 : 31 
32 13 1913 18]3 18 32 
33 [3 21/3 19 33 
134 |3 2213 20 34 | 
135 |3 24 aon 
36 36 | 
37 37 | 
1 38 38 | 
) 39 39 | 
; 40 tee 40 
41 41 
42 42 | 
43 43 | 
1 44 44 | 
9 Wer Spete eA Bae 45 
46 46 | 
47 47 f 
48 48 | 
49 49 § 
50 aay AWaeg 50 | 
51 51 
52 52 
53 53 | 
54 54 | 
55 55 | 
56 56 fF 
57 57 | 
58 58 | 
59 59 | 
60 60 | 
61 61 
62 62 
63 63 
64 64 § 
65 65 
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TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


h- m./h. m 
0 7\0 8 
1.4102 J1.3522 {1.3010 
4091 3513 3002 
4081 3504 2994 
4071 3495 2986 
4061 3486 2978 


1.4050 |1.3477 [1.2970 
4040 | 3468 | 2962 
4030 | 3459 | 2954 
4020 | 3450 | 2946 
4010 | 3441 | 2939 

1.4000 |1.3432 |1.2931 

3989 | 3423 | 2923 

3979 | 3415 | 2915 
4617 | 3969 | 3406] 2907 
4606 | 3959 | 3397 | 2899 

1.4594 11.3949 |1.3388 {1.2891 

3939 | 3379 | 2883 

3929 | 3371 | 2876 

3919 | 3362 | 2868 

3910 | 3353.| 2860 

1.3900 |1.3345 |1.2852 

3890 | 3336 | 2845 

3880 | 3327 | 2837 


2410 
2341 


272 


A747 
4735 
4723 
1.4711 
4699 
4688 
4676 
4664 
1.4652 
4640 
4629 


2139 
2073 
2009 
1946 
- 1883 
1822 
1761 
1701 

1642 


1526 
1460 
1413 
1358 
2.1303 

1249 
1196 


1143 4502 3870 3319 2829 
1091 4491 3860 3310 2821 
2.1040 1.4480 {1.3851 |1.3301 |1.2814 
0989 4468 3841 3293 2806 
0939 4457 3831 3284 2798 


0889 
0840 


2.0792 


1.3802 |1.3259 {1.2775 


> 
> 
bo 
ifs 


0744 4412 3792 3250 2768 
0696 4401 3783 3242 2760 
0649 4390 3773 3233 2753 
0603 4379 3764 3225 2745 
2.0557 1.4368 {1.3754 |1.3216 |1.2738 
0512 4357 3745 3208 2730 


0467 
0422 
0378 


2.0334 {1.8293 1.4314 |1.3707 |1.3174 |1.2700 
0291 | 8266 4303 3697 3166 2692 
0248 8239 4292 3688 3158 2685 


8212 4281 3678 3149 2678 
8186 4270 3669 3141 2670 
1.8159 1.4260 |1.3660 {1.3133 |1.2663 
8133 4249 3650 3124 2655 
8107 4238 3641 3116 2648 


8081 
8055 


8030 

8004 
7979 
7954 
7929 


1.7904 
7879 


1.3613 |1.3091 |1.2626 
3604 3083 2618 
3595 3075 2611 
3586 3067 2604 
3576 3059 2596 


1.2589 | 
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lop) 
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9690 
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ow 
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~J 
ps | 
w 
=) 
or 
me 


9652 7855 4133 3549 3034 2574 
9615 7830 4122 3540 3026 2567 
9579 7806 4112 3531 3018 2560 


eee ff 


———————_———— _ | —_——_———_- 


1.2553 jL. 176 : : 


7~_—_—_—_—— | | OC EL | | ———— | 


———— | | |} S| | sO bite, etek Fa Reale Ue |S A ee: a 


SS 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS 


1.1249 
1244 
1239 
1233 
1228 


sities m. 
3)0 «14! 
1.1091 


IN 1015 


0969 
1.0964 
0959 
0954 
0949 
0944 


1.0939 
0J34 
0329 
0924 
0919 


7 To ? 


h. m. 


0 15 


L.0792 
0787 
0782 
O777 
0773 


1.0768 


0763 
0758 
0753 
0749 

1.0744 
0739 
0734 
0730 
0725 

1.0720 
0715 
0711 
0706 
0701 

1.0696 
9692 
0687 
0682 


1.0673 
0668 
0663 
0659 
0654 
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1.0649 
0645 
0640 
0635 
0631 


1.12233 |1.0914 |1.0626 
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0678 | 
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ee a eee a ane 


——— |§ —__ |__| | | | | | | SS 


i 7 o is - 
i os I he m. 
| 0 100 a 
0 1.2139 
1 9545 | 2132 
ies | 95381 2126 
a3 2531 | 2119 
a4 '| 2594) 2113 
He 5 «|L.2517 |L.2106 
| 6 9510 | 2099 
eye 9502 | 2093 
A258 9495 | 2086 
Was 2488 | 2080 
fH 20 14.2481 |1.2073 
11 2474 | 2067 
12 9467 | 2061 
13 2460 | 2054 
14 9453 | 2048 
15 {1.2445 {1.2041 
16 | 2438 | 2035 
17 9431 | 2028 
18 9424 | 2022 
19 2417 | 2016 
2Q 1.2410 11.2009 
21 2403 | 2003 
29 9396 | 1996 
23 2389 | 1990 
94} 2382] 1984 
95 |L.2375 |L.1977 
| 26 2368 | 1971 
97 9362 | 1965 
28 9355 | 1958 
29 9348 | 1952 
30 Y341 {1.1946 
131 9334 | 1939 
32 9327 | 1933 
33 9320 | 1927 
34 9313 | 1921 
h 35 11.2307 [1.1914 
36 9300 | 1908 
37 2293 | 1902 
38 2286 | 1896 
39 9279 | 1889 
AQ |1L.2272 |L.1883 |1 
41 2266 | 1877 
42 9259 | 1871 
43 9252 | 1865 
44 | 9245 | 1859 
45 |1.2239 [1.1852 
46 2232 | 1846 
47 9225 1 1840 
48 | 2218] 1834 
49 | 2212 11.1828 
50 |1.2205 {1.1822 
51 2198 | 1816 
52 | 2192] 1809 
53 | 2185 | 1803 
54 2178 | 1797 
55 |1.2172 (1.1791 
56 | 2165 | 1785 
57 9159 | 1779 
58 | 2152 | 1773 
59 | 2145 | 1767 
0 10/0 


* 


1217 | 0909 
1212 | 0904 
1207 | 899 
1201 | 0894 

1.1196 |1.0889 
1191 | (884 
1186 | 0880 
1180 | 0875 
1175 | 0870 

1.1170 [1.0865 
1164 | 0860 
1159 | 0855 
1154 | 0850 
1149 | 0845 

1.1143 |1.0840 
1138 | 0835 
1133 | 0831 
1128 | 0826 
1123 | 082t 

1.1117 |1.0816 
1112 | 0811 
1107 | 0806 
1102 | 0801 
1097 | 0797 

0 13/0 


h m.th. m.{h. m 
0 17\0 1s}0 19 
1.0248 [1.0000 [0.9769 
0244 10.9996 | 9761 
0240 | 9992] 9758 
0235 | 9988 | 9754 
0231 | 9984} 9750 
1.0227 10.9980 |0.9746 
0223 | 9976 | 9742 
0219 | 9972 | 9739 
0214] 9968 | 9735 
0210 | 9964 | 9731 
1.0206 |0.9960 |0.9727 
0202 | 9956 | 9723 
0197 | 9952 | 9720 
0193 | 9948 | 9716 
0189 | 99441 9712 
1.0185 |6.9940 10.9708 
0181 | 9936 | 9705 
0176 | 9932 | 9701 
0172 | 9928 | 9697 
0168 | 9924] 9693 
1.0164 |0.9920 |).9690 
0160 | 9916 | 9686 
0156 | 9912 | 9682 
0151 | 9908 | 9678 
0147 | 9905 | 9675 
1.0143 10.9901 |0.9671 
0139 | 9897 | 9667 
0135 | 9893 | 9664 
0131 | 9889 | 9660 
0126 | 9885 | 9656 
1.0122 |0.9881 10.9652 
0118 | 9877 | 9649 
0114 | 9873] 9645 
0110 | 9869 | 9641 
0106 | 9865 | 9638 
; 11.0102 10.9861 (0.9634 
0098 | 9858 | 9630 
0093 | 9854 | 9626 
0089 | 9850 | 9623 
0085 | 9846} 9619 
1.0081 10.9842 |0.9615 
0077 | 9838 | 9612 
0073 | 9834 | 9608 
0069 | 9830] 9604 
0065 | 9827} 9601 
1.0061 |0.9823 |0.9597 
0057 | 9819} 9593 
0053 | 9815] 9599 
0049 | 9811 | 9586 
0044 | 9807 | 9582 
1.0040 |0.9803 [0.9579 
0036 | 9800] 9575 
0032 | 9796] 9571 
0028 | 9792 | 9568 
0024 | 9788] 9564 
1.0020 |0.9784 10.9561 
0016 | 9780 | 9557 
0012 | 9777 | 9553 
0008 | 9773] 9550 
0004 | 9769] 9546 
1610 1710 ~—-:18)0 19 
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TABLE XXXIV, 


PROPORTIONAL LOGARITHMS. 


' 4° £20 1 42 fe 


h. h. m.|h. m.jh. m.|h. -{h. m.|h. whe nk m.jh. at 
0 


) 


0 200 210 22)0 23)0 24/0 *) 2610 27|0 28\0 29 30 
010.9542 | 9331 | 9128 | 8935 3 | 8403 | 8239 | 8081 | 7929 | 7782 
9539 | 9327 |.9125 | 8932 8400 | 8236 | 8079 | 7926 | 7779 
9535 | 9324 8929 ) 8397 | 8234 | 8076 | 7924 | 7777 
9532 | 9320 8926 2) 8395 | 8231 | 8073 | 7921 | 7774 
9528 | 9317 8923 2 | 8392 | 8228 | 8071 | 7919 | 7772 
9524 31. 2} 8920 736 JDL 3° 8226 | 8068 | 7916 | 7769 
8917 ; 8223 | 8066 | 7914 | 7767 
é y 8220 | 8063 | 7911 | 7765 
8218 | 8061 | 7909 | 7762 
8215 | 8058 | 7906 | 7760 
8212 | 8055 | 7904 | 7757 
8210 | 8053 | 7901 | 7755 
8207 | 8050 | 7899 | 7753 
8204 | 8048 | 7896 | 7750 
8202 | 8045 | 7894 | 7748 
8199 | 8043 | 7891 | 7745 
8196 | 8040 | 7889 | 7743 
8194 | 8037 | 7887 | 7741 
8191 | 8035 | 7884 | 7738 
8188 | 8032 | 7882.) 7736 
8186 |; 8030 | 7879 | 7734 
8183 | 8027 | 7877 | 7731 
8181 | 8025 | 7874 | 7729 
8178 | 8022 | 7872 | 7726 
8175 | 8020 | 7869 | 7724 
8017 | 7867 | 7722 
8014 | 7864 | 7719 
8012 hae ke 
8009 7714 
8007 7712 


8004 7710 
8002 | 7 7707 
7999 7705 
7997 7703 
7994 7700 
3 | 7992 2 | 7698 
7989 7696 
7987 7693 
7984 7691 
7981 7688 
8632 29: 7979 7686 
8629 7976 7684 
8626 28 | 7974 7681 
8623 7971 7679 
8620 3 | 7969 20 | 7677 
8617 5 7966 

8614 7964 | 7815 

8611 7961 | 7813 

8608 : 7959 | 7811 

8605 7956 | 7808 

8602 | 84% 266 | 8 7954 | 7806 

8599 7951 | 7803 

8597 7949 | 7801 

8594 | 8423 | 8258 | 8099 | 7946 | 7798 

8591 8255 | 8097 | 7944 | 7796 
8951 | 8766 | 8588 | 8417 | 8253 | 8094 | 7941 | 7794 | 7651 
8948 | 8763 | 8585 | 8414 | 8250 | 8091 | 7939 | 7791 | 6748 
8945 | 8760 | 8582 | 8411 | 8247 | 8089 | 7936 | 7789 | 7646 
8942 | 8757 | 8579 | 8409 | 8244 | 8086 | 7934 | 7786 | 7644 
8939 | 8754 | 8576 | 8406 | 8242 | 8084 | 7931 | 7784 | 7641 
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TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


m.lh, m.|h. m. m.|h. m. Ja. m {h. m.}h. m. jh. m. 
3510 3610 37! 3810 3910 40.0 41:0 42!0 43 
J.7501 2. 7112 9! 6871 | 6755 | 6642 | 6532 | 6425 | 6320 | 6218 
7499 | 7365 < 7110 6869 | 6753 | 6640 | 6530 | $423 | 6319 | 6216 
7497 | 7363 : 7108 6867 | 6751 | 6638 | 6529 | 6421 6317 | 6215 
7494 , 7361 i 7106 | 6 6865 | 6749 | 6637 | 6527 | 6420 | 6315 | 6213 
7492 | 7359 25 7104 | 6982 | 6863 6525 | 6418 | 6313 | 6211 

9jJ.7490 | 7357 | 7227 | 7102 | 6 6861 745 933 | 6523 | 6416 312 | 6210 
7488 | 7354 7100 | 6§ 6859 6521 | 6414 ‘ 6208 
7485 | 7352 2% 7098 6857 4% 6519 | 6413 ‘ 6206 
7483 | 7350 y 7096 6855 ) 6518 | 6411 5306 | 6205 
7481 | 7348 7093 6853 : 6516 | 6409 ‘ 6203 
7346 701 6851 5736 6% 6514 | 6407 30: 6201 
7344 7089 6849 | 6 : 6612 | 6406 | 6: 6200 
7341 7087 6847 y ) 6510 | 6404 ye 6198 
7339 7085 3 6845 ve 6509 | 6402 6196 
7337 7083 | 696 6843 6507 | 6400 | 6296 | 6195 
7335 7081 } 6841 26 6505 : y2s 6193 
7333 7079 6840 6503 rs 6191 
7330 y 7077 ) 6838 } 6501 : j 6190 
7328 7075 | 6 6836 Y | 6500 3¢ 6188 
7326 | 7073 2 | 6834 5 6498 6186 
7324 7071 i 6832 5605 | 7496 : 6286 | 6185 
7322 7069 6830 ) 6494 | 6% 5 6183 
7320 7067 6828 ‘ 6492 2 | 6181 
rake 7065 | 69: 6826 6491 i y 6179 
1305 7063 | 69 6824 | 6 6489 | 6 6178 4 
7313 5 | 7061. 6822 3596 | 6487 
Fol 7059 6820 j 594 | 6485 
7309 7057 6818 | 6 6484 
7307 7055 6816 : 6482 
7304 7052 6814 6480 


7302 7050 6812 | 6698 | 6587 
7300 7048 ¢ 6810 | 6696 | 6585 
7298 7046 6809 | 6694 | 6583 
7296 7044 ? 6807 | 6692 | 6581 
7294 7042 | 6922 | 6805 | 6691 | 6579 
7291 4 | 7040 | 6 6803 | 6689 | 6578 
7289 7038 c 6801 | 6687 | 6576 
7287 7036 6799 | 6685 | 6574 
7285 7034 : 6797 | 6683 | 6572 
7283 5 | 7032 6795 | 6681 | 6570 
7281 7030 6793 | 6679 | 6568 
7279 52 | 7028 6791 | 6677 | 6567 
7276 7026 6789 | 6676 | 6565 
7274 7024 6787 | 6674 | 6563 
7272 7022 | 6902 | 6785 | 6672 | 6561 
7270 3 | 7020 | 6900 | 6784 | 6670 | 6559 
7268 7018 | 6898 | 6782 | 6668 | 6558 
7266 7016 | 6896 | 6780 | 6666 | 6556 
7264 7014 | 6894 | 6778 | 6664 | 6554 
7261 7012 | 6892 | 6776 | 6663 | 6552 
7259 3 | 7010 | 6890 | 6774 | 6661 | 6550 
7257 7008 | 6888 | 6772 | 6659 | 6548 
7255 7006 | 6886 | 6770 | 6657 | 6547 
7253 7 | 7004 | 6884 | 6768 | 6655 | 6545 
7251 7002 | 6882 | 6766 | 6653 | 6543 


7249 2 | 7000 | 6881 | 6764 | 6651 | 6541 | 6 6226 
7246 6998 | 6879 | 6763 | 6650 | 6539 6225 |, 
7244 6996 | 6877 | 6761 | 6648 | 6538 : 6223 
7242 6994 | 6875 | 6759 | 6646 | 6536 6221 
7240 6992 | 6873 | 6757 | 6644 | 6534 6220 


“35/0 36/0 


/ je 7 rv 41? 432 71? fw 
hs 
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TABLE XXXIV. 


- PROPORTIONAL LOGARITHMS. 


Bry) ° 7 ae 7 i (2 a ay Be CRORE IS CTY Sa LET NS ee ee 
s. jh. =i m.{h. m.|h. a m.ih. m.,|h. m.th. m.jh. m.jh. m.jh. m.jh. in.| 8. 
0 449 4:10 460 47l0 480 49lo 500 5ilo 52l0 530 S40 55 
~ 010-6118 | GO21 | 592d | S85z 5563 | d4// | 5593 | 0510 | 52ZY | S14 | O 
6117 | 6019 | 5924 | 5830 5562 | 5476 | 5391 | 5309 | 5227 | 5148] 1 
6115 | 6017 | 5922 | 5829 5560 | 5474 | 5390 | 5307 | 5226 | 5146] 2 
6113 | 6016 | 5920 | 5827 5559 | 5473 | 5389 | 5305 | 5225 | 5145 | 3 
6112 | 6014 | 5919 | 5826 5557 | 5471 | 5387 | 5305 | 5223 | S144] 4 
0°6110 | 6013 | 5917 | 5824 5556 | 5470 | 5386 | 5303 | 5224 | 5143] 5 
>| 6108 | 6O11 | 5916 | 5823 5554 | 5469 | 5384 | 5302 | 5221 | S141] G 
6107 | 6009 7.5914 | 5821 5553 | 5467 | 5283 | 5300 | 5219 | 5140] 7 
6105 | 6008 | 5913 | 5819 5551 | 5466 | 5382 | 5299 | 5218 | 5139] 8 
6103 | 6006 | 5911 | 5818 5550 | 5464 | 5380 | 5298 | 5217 | 5137] 9 Ff 
0.6102 | 6005 | 5909 | 5816 5549 | 5463 | 5379 | 5296 | 5215 | 5136 | 10 | 
6100 | 6003 | 5908 | 5815 5547 | 5461 | 5377 | 5295 | 5214 | 5135 | 11 
6099 | 6001 | 53906 | 5813 5546 | 5460 | 5376 | 5294 | 5213.) 5133 | 12 
6097 | 6000 | 5905 | 5812 5544.) 5459] 6375) 5292.) S212 | S1S2 as 


6095 | 59I8 | 5903 
0.6034 | 5997 | 5902 
6092 | 5995 | 5900 
6090 | 5333 | 5898 
3{ 6039 | 5932 | 5897 

6087 | 5390 | 5895 


O457 
5456 

5454 
9453 
0452 
5450 


5291 
5290 
5288 
5287 
5285 
5284 


5210 | 5131 | 14 
5209 | 5129 | 15 
5207 | 5128 | 16 
5206 | 5127 |17 
5205 | 5125 | 18 
5203 | 5124 | 19 


0.6035 | 5989 | 5894 | 5801 5534 | 5449 | 5365 | 5283°| 5202 | 5123 | 20 
6084 | 5387 | 5892 | 5800 5533 | 5447 | 5364 | 5281 | 5201 | 5122 | 21 | 
6082 | 5985 | 5891 | 5798 5531 | 5446 | 5362 | 5280 | 5199 | 5120 | 22 | 
6081 | 5934 | 5889 | 5796 5530 | 5445 | 5361 | 5279 | 5193 | 5119 | 23 
6079 | 5982 | 5888 | 5795 5528 | 5443 | 5359 | 5277 | 5197 | 5118 | 24 

510.6077 | 5281 | 0886 | 5793 5527 | 5442 | 5358 | 5276 | 5195 | 5116 | 25 
6076 | 5979 | 5884 | 5792 5526 | 5440 | 5357 | 5275 | 5194 | 5115 | 26 
6074 | 5977 | 5883 | 5790 5524 | 5439 | 5355 | 5273 | 5193 | 5114 | 27 
6072 | 5976 | 5881 | 5789 5522 | 5437 | 5354 | 5272 | 5191 | 5112 | 25 
6071 | 5974 | 5880 | 5787 5521 | 5436 | 5353 | 5271 | 5190 | 5111 | 29 

0.6069 | 5973 | 5878 | 5786 5520 | 5435 | 5351 | 5269 | 5189 | 5110 | 30 
6067 | 5971 | 5877 | 5784 5518 | 5433 | 5350 | 5268 | 5187 | 5108 | 31 
6066 | 5969 | 5875 | 5783 5517 | 5432 | 5348 | 5266 | 5186 | 5107 | 33 
6064 | 5968 | 5874 | 5781 5516 | 5430 | 5347 | 5265 | 5185 | 5196 | 33 | 
6063 | 5986 | 5872 | 5780 5514 | 5429 | 5346 | 5264 | 5183 | 5165 | 34 J 

0.6061 | 5965 | 5870 | 5778 5513 | 5428 | 5344 | 5262 | 5182 | 5103 | 35 
6059 | 5963 | 5869 | 5777 5511 | 5426 | 5343 | 5261 | 5181 | 5102 136 § 
6058 | 5961 | 5867 | 5775 5510 | 5425 | 5341 | 5260 | 5179 | 5101 ) 37 | 
6056 | 5960 | 5866 | 5774 5508 | 5423 | 5340 | 5258 | 5173 | 5099 | 38 
6055 | 5958 | 5864 | 5772 5507 | 5422 | 5339 | 5257 | 5177 | 5098 | 39 | 

0.6053 | 5957 | 5863 | 5771, 5506 | 5421 | 5337 | 5256 | 5175 | 5097 | 40 | 
6051 | 5955 | 5861 | 5769 5504 | 5419 | 5336 | 5254 | 5174 | 5095 | 41 | 
6050 | 5954 | 5860 | 5768 5503 | 5418 | 5335 | 5253 | 5173 | 5994 | 49 
6048 | 5952 | 5858 | 5766 5501 | 5416 | 5333 | 5252 | 5172 | 5993 | 43 | 
6046 | 5950 | 5856 | 5765 5500 | 5415 | 5332 | 5250 | 5179 | 5o92 | 44 

50.6045 | 5949 | 5855 | 5763 5498 | 5414 | 5331°| 5249 | 5162 | 5090 | 45 | 

46| 6043 | 5947 | 5853 | 5761 5497 | 5412 | 5329 | 5248 | 5168 | 5089 | 46 
7} 6042 | 5946 | 5852 | 5760 5496 | 5411 | 5328 | 5246 | 5166 | 5088 | 47 
48| 604) | 5944 | 5850 | 5758 5494 | 5409 | 5326 | 5245 | 5165 | 5086 | 48 
49| 6938 | 5942 | 5849 | 5757 5493 | 5408 | 5325 | 5244 | 5164 | 5085 | 49 
50 (0.6037 | 5941 | 5847 | 5755 5578 | 5491 | 5407 | 5324 | 5242 | 5162 | 5084 | 50 
51| 6035 | 5939 | 5846.| 5754 5576 | 5490 | 5405 | 5322 | 5241 | 5i61 | 5082 | 51 
52| 6033 | 5938 | 5844 |-5752 575 | 5488 | 5404 | 5321 | 5240 | S16u | 5081 | 52 


53] 6032 | 5936 | 5843 
54]. 6030 | 5935 | 5841 
55 10.6029 | 5933 | 5839 
56| 6027 | 5931 | 5838 
57| 6025 | 5930 | 5836 
58} 6024 | 5928 | 5835 
59| 6022 | 5927 
0 440 4510 4610 47 


5158 | 5080 | 53 
515/ | 5079 | 54 


51456 | 5077 | 595 
5154 | 5076 | 56 
5153 | 5075 | 57 
5152 | 5073 | 58 
5150 | 5072 | 59 


jc 65h 


0 500 Silo 52j0 53 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


wm ° , 9 °° ‘ > ' @ v ‘ ¥ : ° ¥ . ° ,,e2 ‘ or 
s. jh. mh. m.jh. m.jh. m.jh. m jh. mh m.{h m ( m.h. m.jh. ms "| & 
0 510 5710 58'0 59} Oj} 11 2i1 3} 4|1 51 611 d 
0 
1 
2 
5067 | 4990 | 4915 | 4841 | 4768 | 4696 | 4625 | 4556 | 4488 | 4420 | 4354 | 4289 3 
5066 | 4989 | 4913 | 4839 | 4766 | 4695 | 4624 | 4555 | 4486 | 4419 | 4353 | 4288 | 4 
0.5004 | 4988 | 4912 | 4838 | 4765 | 4693 | 4623 | 4554 | 4485 | 4418 | 4352 | 4287 9) 
5053 | 4986 | 4911 | 4837 | 4764 | 4692 | 4622 |} 4552 | 4484 | 4417 | 4351 | 4285] 6 
5052 | 4985 | 4910 | 4836 | 4763 | 4691 | 4621 | 4551 | 4483 | 4416 |*4350 | 4284 | 7 
5061 | 4984 | 4908 | 4834 | 4762 | 4690 | 4619 | 4550 | 4482 | 4415 | 4349 | 4283] 8 
5059 | 4983 | 4907 | 4833 | 4760 | 4689 | 4618 | 4549 | 4481 | 4414 | 4347 | 4282 9 
H 10 }).5058 | 4981 | 4906 | 4832 | 4759 | 4588 | 4617 | 4548 | 4480 | 4412 | 4346 | 4281 | 10 
a 5057 | 4980 | 4905 | 4831 | 4758 | 4686 | 4616 | 4547 | 4479 | 4411 | 4345 | 4280 J 11 


112] 5055 | 4979 
H13| 5054 | 4977 
5053 
5051 
16] 5050 | 4974 
AT} 5049 | 4972 
18] 5048 | 4971 
19} 5046 | 4970 
N20 0.5045 | 4969 
P21P 5044 | 4967 
H 22} 5043 | 4966 
123] 5041 | 4965 
94} 5010 | 4964 


P25 10.5039 | 4962 
26} 5037 | 4961 

27| 5036 | 4960 
128] 5035 | 4959 
H 29) 5034 | 4957 
H 30 [0.5032 | 4956 
1 31] 5031 | 4955 
132) 5030 | 4954 
4 33] 5028 | 4952 
34} 5027 [ 4951 
B35 [0.5026 | 4950 
36| 5025 | 4949 
37| 5023 | 4947 
38] 5022 | 4946 
H 39] 5021 | 4945 


4882 | 4809 | 4736 | 4665 
4881 | 4808 | 4735 | 4664 
4880 | 4806 | 4734 | 4663 
4879 | 4805 | 4733 | 4662 
4877 | 4804 | 4732 | 4660 
4876 | 4803 | 4730 | 4659 
4875 | 4801 | 4729 | 4658 
4874 | 4800 | 4728 | 4657 
4873 | 4799 | 4727 | 4656 
4871 | 4798 | 4726 | 4655 


4869 | 4795 | 4723 | 4652 
4868 | 4794 | 4722 | 4651 
4866 | 4793 | 4721 | 4650 
4865 | 4792 | 4720 | 4649 
4864 | 4791 | 4718 | 4648 


- /——__ 


J.5019 | 4943 
5018 | 4942 
6017 | 4941 
5016 | 4940 
5014 | 4938 


4863 | 4789 | 4717 | 4646 

4861 | 4788 | 1716 | -£645 
4860 | 4787 | 4715 | 4644 
4859 | 4786 | 4714 | 4643 
4858 | 4785 | 4712 | 4642 
4856 | 4783 | 4711 | 4640 
4855 | 4782 | 4710 | 4639 
4854 | 4781 | 4709 | 4638 
4853 | 4780 | 4708 | 4637 
4852 | 4778 | 4707 | 4636 


J.5013¢) 4937 
5012 | 4936 
SOLL | 4935 
5009 | 4933 
5008 | 4932 

).5007 | 4931 
5005 | 4930 
5004 | 4928 
5003 | 4927 
5002 | 4926 

0.5900 | 4925 

4999 | 4923 

4998 | 4922 

4997 | 4921 

4995 


— |__| SST] | | SL / | | | | | 


4850 | 4777 | 4705 | 4635 | 4565 | 4497 | 4429 | 4363 | 4297 [4233 | 55 | 
4849 | 4776 | 4704 | 4633 | 4564 | 4495 | 4428 | 4362 | 4296 | 4232 | 56 | 
4848 | 4775 | 4703 | 4632 | 4563 | 4494 | 4427 | 4361 | 4295 | 4231 | 57 | 


BP oujv.o0.1 [| 4994 | 4918 pistt | deca | 4099 | 40z9 | dooy [ a491 [ 4424 | 4357 | 4292 
h 1] 5970 | 4993 | 4917 | 4843 | 4770 | 4698 | 4628 | 4558 | 4490 | 4422 | 4356 | 4291 
) 2| 5958 | 4991 | 4916 | 4842 | 4769 | 4697 | 4626 | 4557 | 4489 | 4421 | 4355 | 4290 

23 

4 

5 

6 

7 

8 

9 
4847 | 4774 | 4702 | 4631 | 4562 | 4493 | 4426 | 4359 | 4294 | 4230 | 58 | 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


‘ VIMO FO FO FIO. FO. PIO nM qOu Sst, Suma YTaG le tr TO en? Die ene 
fh m./h. m.jh. m.jh m.jh. m.|h. m.jh. m.|h. m.jh. mh. mcT) 8: 
1. POW TM He TBH ae 161. 17i1 18M 19 
4102 | 4040 | 3979 | 3919 | 3860 A 5688 3576 | 0 
410! | 4039 | 3978 | 3919 | 3859 3687 1 
4100 | 4038 | 3977 | 3918 | 3858 3686 2 
4099 | 4037 | 3976 | 3917 | 3857 3685 3 
4098 | 4036 | 3975 | 3916 | 3856 3684 4 
4097 | 4035 | 3974 | 3915 | 3856 3683 | 36 5 
4096 | 4034 | 3973 | 3914 | 3855 3682 6 
4095 | 4033 | 3972 | 3913 | 3854 3681 : 
4093 | 4032 | 3971 | 3912 | 3853 3680 8 
4092 | 4031 | 3970 | 3911 |-3852 3679 9 | 
4091 | 4030 | 3969 | 3910 | 3851 3678 10 
4090 | 4029 | 3968 | 3909 | 3850 3677 11 
4089 | 4028 | 3967 | 3908 | 3849 3677 12 | 
4088 | 4027 | 3966 | 3907 | 3848 3676 13 
4087 | 4026 | 3965 | 3906 | 3847 3675 14 
4086 | 4025 | 3964 | 3905 | 3846 3674 15 
4085 | 4024 | 3963 | 3904 | 3845 3673 16 | 
4084 | 4023 | 3962 | 3903 | 3844 3672 17 
4083 | 4022 | 3961 | 3902 | 3843 3671 18 
4082 | 4021 | 3960 | 3901 | 3842 3670 19 
4081 | 4020 | 3959 | 3900 | 3841 3669 20 
4080 | 4019 | 3958 | 3899 | 3840 3668 21 
4079 | 4018 | 3957 | 3898 | 3839 3667 22 
4078 | 4017 | 3956 | 3897 | 3838 3666 23 
4077 | 4016 | 3955 | 3896 | 3837 3665 24 
4076 | 4015 | 3954 | 3895 | 3836 3664 25 
4075 | 4014 | 3953 | 3894 | 3835 3663 26 
4074 | 4013 | 3952 | 3893 | 3834 3663 27 
4073 | 4012 | 3951 | 3892 | 3833 3662 28 
4072 | 4011 | 3950 | 3891 | 3832 3661 29 
4071 | 4010 | 3949 | 3890 | 3831 3660 30. 
4070 | 4009 | 3948 | 3889 | 3830 3659 31 
4069 | 4008 | 3947 | 3888 | 3829 3658 32 
4068 | 4007 | 3946 | 3887 | 3828 3657 33 
4067 | 4006 | 3945 | 3886 | 3827 3656 34 
4066 | 4005 | 3944 | 3885 | 3826 3655 35 
4065 | 4004 | 3943 | 3884 | 3825 3654 36 
4064 | 4003 | 3942 | 3883 | 3824 3653 37 
4063 | 4002 | 3941 | 3882 | 3823 3652 38 
4062 | 4001 | 3940 | 3881 | 3822 2651 39 
4061 | 4000 | 3939 | 3880 | 3821 3650 40 
4060 | 3999 | 3938 | 3879 | 3820 3649 41 
4059 | 3998 | 3937 | 3878 | 3820 3649 42 
4058 | 3997 | 3936 | 3877 | 3819 3648 43 
4056 | 3996 | 3935 | 3876 | 3818 3647 44 
4055 | 3995 | 3934 | 3875 | 3817 3646 45 | 
4054 | 3993 ; 3933 | 3874 | 3816 3645 46 
4053 | 3992 | 3932 | 3873 | 3815 3644 AT 
4052 | 3991 | 3931 | 3872 | 3814 3643 48 
4051 | 3990 | 3930 | 3871 | 3813 3642 49 
4050 | 3989 | 3929 | 3870 | 3812 3641 50 
‘4049 | 3988 | 3928 | 3869 | 3811 3640 51 
4048 | 3987 | 3927 | 3868 | 3810 3639 52 
4047 | 3986 | 3926 | 3867 | 3809 3638 53 
4046 | 3985 | 3925 | 3866 | 3808 3637 54 
4045 | 3984 | 3924 | 3865 | 3807 3636 55 
4044 | 3983 | 3923 | 3864 | 3806 3635 56 
4043 | 3982 | 3922 | 3863 | 3805 3635 57 
4042 | 3981 | 3921 | 3862 | 3804 3634 58 | 
4041 | 3980 | 3920 | 3861 | 3803 3633 59 
91 10 11 igh aah. nah 16l1: a7 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


s. {h. m.j|h. m.|h. m.jh. m. m.|h. m.|h. m.jh. m.{h. m. 

1 PP OD eal be 6°! 25. 26 37 28 
010.3522, 3468 | 3415 | 3362 | 3310 | 3259 | 3208 | 3158 } 3108 

1| 3521 | 3467 | 3414 | 3361 | 3309 | 3258 | 3207 | 3157 | 3107 

2} 3520 | 3466 | 3413 | 3360 | 3308 | 3257 | 3206 | 3156 | 3106 

3} 3519 | 3465 | 3412 | 3359 | 3307 | 3256 | 3205 | 3155 |.3105 

4{ 3518-| 3464 | 3411 | 3358 | 3306 | 3255 | 3204 | 3154 | 3105 
510.3517 | 3463 | 3410 | 3358 | 3306 | 3254 | 3204 | 3153 | 3104 

6| 3516 | 3463 | 3409 | 3357 | 3305 | 3253 | 3203 | 3153 | 3103 

7| 3515 | 3462 | 3408 | 3356 | 3304 | 3253 | 3202 | 3152 | 2102 

8| 3514 | 3461 | 3408 | 3355 | 3303 | 3252 | 3201 | 3151 | 3101 

9| 3514 | 3460 | 3107 | 3354 | 3302 | 3251 | 3200 | 3150 | 3101 

4 1010.3513 | 3459 | 3406 | 3353 | 3301 | 3250 | 3199 | 3149 | 3100 
211} 3512 | 3458 | 3405 | 3352 | 3300 | 3249 | 3198 | 3148 | 3099 
#12] 3511 | 3457 | 3404 | 3351 | 3300 | 3248 | 3198 | 3148 | 3098 
13] 3510 | 3456 | 3403 | 3351 | 3299 | 3247 | 3197 | 3147 | 3097 
14] 3599 | 3455 | 3402 | 335) | 3298 | 3247 | 3196 | 3146 | 3096 
15 3454 | 3401 | 3349 | 3297 | 3246 | 3195 | 3145 | 3096 
16 3454 | 3400 | 3348 | 3296 | 3245 | 3194 | 3144 | 3095 
a7 3453 | 3400 | 3347 | 3295 | 3244 | 3193 | 3143 | 3094 
18 3452 | 3399 | 3346 | 3294 | 3243 | 3193 | 3143 | 3093 
19 | 3451 | 3398 | 3345 | 3294 | 3242 | 3192 | 3142 | 3092 
20 3450 | 3397 | 3345 | 3293 | 3242 | 3191 | 3141 | 3091 
21 3449 | 3396 | 3344 | 3292 | 3241 | 3190 | 3140 | 3091 
22 3448 | 3395 | 3343 | 3291 | 3240 | 3189 | 3139 | 3090 
23 3447 | 3394 | 3342 | 3290 | 3239 | 3188 | 3138 | 3089 
24 3446 | 3393 | 3341 | 3289 | 3238 | 3188 | 3138 | 3088 
25 3446 | 3393 | 3340 } 3288 | 3237 | 3187 | 3137 | 3087 
26 3445 | 3332 | 3339 | 3288 | 3236 | 3186 | 3136 | 3087 
27 3444 | 3391 | 3338 | 3287 | 3236 | 3185 | 3135 | 3086 
28 3443 | 3390 | 3338 | 3286 | 3235 | 3184 | 3134 | 3085 
23 3442 | 338) | 3337 | 3285 | 3234 | 3183 | 3133 | 3084 
30 3441 | 3388 | 3336 | 3284 | 3233 | 3183 | 3133 | 3083 
31 3440 | 3387 | 3335 | 3283 | 3232 | 3182 | 3132 | 3082 
32 3439 | 3386 | 3334 | 3282 | 3231 | 3181 | 3131 | 3082 
33 3458 | 3386 | 3333 | 3282 | 3231 | 3180 | 3130 | 3081 
34 3438 | 3385 | 3332 | 3281 | 3230 | 3179 | 3129 | 3080 
4735 3437 | 3384 | 33393 | 3280 | 3229 | 3178 | 3129 | 3079 
36 3436 | 3383 | 3331 | 3279 | 3228 | 3178 | 3128 | 3078 
37 3435 | 3382 | 3330 | 3278 | 3227 | 3177 | 3127 | 3078 
138 3434 | 3381 | 3329 | 3277 | 3226 | 3176 | 3126 | 3077 
439 3433 | 3380 | 3328 | 3276 | 3225 | 3175 | 3125 | 3076 
| 40 3432 | 3379 | 3327 | 3276 | 3225 | 3174 | 3124 | 3075 
41 3431 | 3379 | 3326 | 3275 | 3224 | 3173 | 3124 | 3074 
42] 3431 | 3378 | 3325 | 3274 | 3223 | 3173 | 3123 | 3073 
43. 3430 | 3377 | 3325 | 3273 | 3222 | 3172 | 3122 | 3073 
44 3429 | 3376 | 3324 } 3272 | 3221 | 3171 4 31 3072 
45 3428 | 3375 | 3323 | 3271 | 3220 | 3170 | 3120 | 3071 
46 3427 | 3374 | 3322 | 3270 | 3220 | 3169 | 3119 | 3070 
47 3426 | 3373 | 3321 | 3270 | 3219 | 3168 | 3119 | 3069 
48 3425 | 3372 | 3320 {| 3269 | 3218 | 3168 | 3118 | 3069 

1 49 3424 | 3372 | 3319 | 3268 | 3217 | 3167 3068 
50 3423 | 3371 | 3319 | 3267 | 3216 | 3166 | 3116 |.3067 
51 3423 | 3370 | 3318 | 3266 | 3215 | 3165 | 3115 | 3066 
52 ,3422 | 3369 | 3317 | 3265 | 3214 | 3164 | 3114 | 3055 
53 3421 | 3368 | 3316 | 3265 | 3214 | 3163 | 3114 | 3065 

f 54 3420 | 3367 | 3315 | 3264 | 3213 | 3163 | 3113 | 3064 
455 3419 | 3366 | 3314 | 3263 | 3212 } 3162 | 3112 | 3063 
56 3418 | 3365 | 3313 | 3262 | 3211 | 3161 | 3111 | 3062 
57 3417 | 3365 | 3313 | 3261 | 3210 | 3160 | 3110 | 3061 
58 3416 | 3364 ; 3312 | 3260 | 3209 | 3159 | 3110 | 3060 
959 3415 | 3363 | 3311 | 3259 | 3209 | 3158 | 3109 | 3060 
bP SOieeay  -e3i1. 34 251 61 27|1 28 


h. 
1 


m 


29 


h 
1 


es 
J m.jh. 
30)1 


213 


3059 | 3010 | 2962]. 0 | 
3058 | 3009 | 20621 1 | 
3057 | 3009 | 2961 | x | 
3056 | 3008 | 2960 | 3 | 
5 | 3056 | 3007 | 2959 | 4 | 
3055 | 3006 | 2958 | 5 | 
3054 | 3005 | 2958] 6 | 
3053 | 3005 | 2957 | 7 | 
3052 | 3004 | 2956] 8 | 
3052 | 3003 | 2955] 9 | 
3051 | 3002 | 2954 | 10 | 
3050 | 3001 | 2954 | 11 | 
3049 | 3001 | 2953 412 § 
3048 | 3000 | 2952 | 13 | 
3047 | 2999 | 2951 | 14 
3047 | 2998 | 2950 115 § 
3046 | 2997 | 2950 | 16 | 
3045 | 2997 | 2949 117 | 
3044 | 2996 | 2948 | 18 § 
3043 | 2995 | 2947 19 | 
3043 | 2994 | 2946 | 20 | 
3042 | 2993 | 2946 | 21 | 
3041 | 2993 | 2945 | 22 | 
3040 | 2992 | 2944 | 23 | 
3039 | 2991 | 2943 | 24 § 
3039 | 2990 | 2942 | 25 
3038 | 2989 | 2942 | 26 | 
3037 | 2989 | 2941 | 27 | 
3036 | 2988 | 2940 | 28 ff 
3035 | 2987 | 2939 | 29 | 
3034 | 2986 | 2939 | 30 | 
3034 | 2985 | 2938 131 f 
3033 | 2985 | 2937 | 32 
3032 | 2984 | 2936 133 | 
3031 | 2983 | 2935 | 34 f 
3030 | 2982 | 2935 | 35 | 
3030 | 2981 | 2934 | 36 § 
3029 | 2981 | 2933 437 § 
3028 | 2980 | 2932 138 § 
3027 | 2979 | 2931 | 39 | 
3026 | 2978 | 2931 | 40 
3026 | 2977 ; 2930 | 41 
3025 | 2977 | 2929 | 49 
3024 | 2976 | 2928 | 43 } 
3023 | 2975 | 2927 | 44 
3022 | 2974 | 2927 | 45 | 
3022 | 2973 | 2926 | 46° 
3021 | 2973 | 2925 [47 | 
3020 | 2972 | 2924 | 48 | 
3019 | 2971 | 2924 | 49 
3018 | 2970 | 2923 | 50 
3018 | 2969 | 2922 | 51 § 
3017 | 2969 | 2921 |52 4 
3016 | 2968 | 2920 153 | 
3015 4 2967 | 2920 | 54 § 
3014 | 2966 | 2919 155 | 
3014 | 2965 | 2918 156 | 
3013 | 2965 | 2917 157 | 
3012 | 2964 | 2916 | 58 
3011 | 2963 | 2916 | 59 § 
199i) 


301 ait 


214 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


1 


1S sete) FEO ‘10 ‘10 LAD MRS) AC ‘,0 ‘Are ey) LER ej #5) ‘y 
s. {h. fle: m.|h. m fh. m.}h,. m fh. ate m.j}h. m Ls m, hcg he mth. m]| s. 

joel Bat 33[l ad|t ait) sell a7|1 > ashieoian aot, ate agh aeem 
“00.2915 [2868 | 2821) 2775 | 2730 2596 | 2553 | 2510 | 2467 [ zazt | O 

p 1) 2914 | 2867 | 2821 | 2775 | 2729 | 2684 | 2640 | 2596 | 2552 | 2509 | 2466 | 2424] 1 | 

H 6-2] 2913 | 2866 | 282) | 2774 | 2729 } 2684 | 2639 | 2595 | 2551 | 2508 | 2465 | 2493 | 9 | 

f 3] 2912 | 2866 | 2819 | 2773 | 2728 | 2683 | 2638 | 2594 | 2551 | 2507 | 2465 | g4a2] 3 | 

fH 4) 2912 | 2865 | 2818 | 2772 | 2727 | 2682 | 2638 | 2593 | 2550 | 2507 | 2464 | 249 | #4 

f 50.2911 | 2864 | 2818 | 2772 | 2726 | 2681 | 2637 | 2593 | 2549 | 2506 | 2403 | 2421 | 5 

t G| 2910 | 2863 | 2817 | 2771 | 2725 | 9681 | 2636 | 2392 | 2548 | os05 | 2462 2420 | 6 | 

H 7 | 2909 | 2862 | 2816 | 2770 | 2725 | 2680 | 2635 | 2591 | 2548.| 2504 | 2462 | 2419 | 7 

1 8] 290) | 2862 | 2815 | 2769 | 2724 | 2679 | 2635 | 2591 | 2547 | 9504 | 2461 | e119 | 3 | 

| 9] 2908 | 2861 | 2815 | 2769 | 2723 | 2678 | 2634 | 2590 | 2546 | 2503 | 2460 | 24181 9 | 

| 10 /0.2907 | 2860 | 2814 | 2763 | 2722 | 2678 | 2633 | 2589 | 2545 | 2502 | 2400 | 2417 | 10 

H 11} 2906 | 2859 | 2813 | 2767 | 2722 | 2677 | 2632 | 2588 | 2545 | g502 | 2459 | o417 | a1 | 

12) 2905 | 2859 | 2812 | 2766 | 2721 | 2676 | 2532 | 2588 | 2544 | 2501 | 2458 | 2416 | 19 | 

H 13] 2905 | 2858 | 2811 | 2766 | 2720 | 2675 | 2631 | 2587 | 2543 | 2500 | 2458 | 2415 | 13 

H 14) 2904 | 2857 | 2811 | 2765 | 2719 | 2675 | 2630 | 2586 | 2543 | g499 | 2457 | 2415 114 

| 150.2903 | 2858 | 2810 | 2764 | 2719 | 2674 | 2629 | 2585 | 2542 | 2499 | 2456 | 2414 | 15 

} 16) 2902 | 2855 | 2809 | 2763 | 2718 | 2673 | 2629 | 2585 | 2541 | 2498 | 2455 | 2413 116 

H 17] 2991 | 2855 | 2808 | 2763 | 2717 | 2672 | 2628 | 2584 | 2540 | 9497 | 2455 | 2412 147 

fF 18] 2901 | 2854 | 2808 | 2762 | 2716 | 2672 | 2627 | 2583 | 2540 | g497 | 2454 | e412 agi 

H 19] 2900 | 2853 | 2807 | 2761 | 2716 | 2671 | 2626 | 2583 | 2539 | 2496 | 2453 | 241: | 19 
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0727) 0698 
0726} 0698 
0726] 0697 
0725 0697 
31 0725 
0724 
0724 
0723 
0723 
0722 
0722 
0721 
0721 
0721 
0720 
0720 


° iO 


h. m. 


2 21/2 


CONnC PwONeK SC 


10 
11 
12 
13 
14 


15 
16 
17 
18 
19 


21 
22 


0954 
OY954 
0953 
0953 
0952 
2) 0952 
OJ51 
0951 
0950 
0950 


0692}. 


0691 


0890} 0861] 0832 
0716] 0687 


20 


0945 


974] 0944 


0919} 0889 
0J19| 0889 
0918) 0888 
0918) 0888 
0917) 0887 


0917} 0887 
0916} 0886 


| 0916} 0886 


0915) 0885 
0915} 0885 


0860) 0331 


0859} 0830 
0859} 0830 
0858) 0829 
0858} 0829 
0857| 0828 
0857| 0828 
0856} 0827 
0856) 0827 
0855} 0826 


0799 
0799 
0798 
0798 
0797 


0773 


0772 
0772 
0771 
0771 


0770 


0770 
0769 
0769 
0768 


te 


0715) 0687 
0715) 0686 
0714) 0686 
0714) 0686 


apt 


41 
42 
43 


0713 Elsi 44 


0713 
0712 
0712 
0711 


45 
46 
47 
48 
49 


0914) O884) 0855) 0826 0768 
0914; 0884) 0855) 0825} 0796) 0767) 0739) 0710) 0682 
0913} 0883) 0854) 0825 0767 j 
0913) 0883) 0854) 0824 0766 
0912) 0883) 0853} 0824 0766 


0944 
0943 
0943 
0942 


wT, 


Bac o1 


_ 


1031 
1031 


212 2 


1000 
1030 1000) 097 


22 ‘ 


0942 
0941 
0941 
0940 
0940 


2 2412 2 


0912} 0882 
0911) 0882 
0311} 0881 
0910} 0881 
0910) 0880, 


25/2 26/2 


0853} 0823 
0852) 0823 
0852) 0822 
0851} 0822 
0851) 0821; 


2 97/2 


aie 


29/2 


0765 


0737 


0765] 0736 


0764) 0736 
0764) 0735 
0763] 0735 


2 30/2 31 


31/2 


0708} 0679. 
0707} 0679 
0707} 0678 
0706) 0678) 


2 32/2 2 331 


59 


219 
TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


4” re) ‘oO EO 410 fe) 110 "0 10 410 ‘lo 10 ‘10 ” 
8. h. mJjh. m.Jjh. m fh. Teeth ee MeL. ie, moh. mJjhe mjh. min. me. 8. 
2 34]2 3d|2 36l2 2 392 402 412 422 43l2 44l2 4512 46 


44)9 


0 0.0678] 0649) 0621/ 05 0512] 0484) 0458) 0431] 0404] 0378] 0352] 0 
1 | 0677] 0649] 0621 0538] 0511) 0484] 0457] 0430] 0404] 0377] 035i] 1 
2 | 0677| 0648) 0621 0538| 0511] 0484} 0457| 0430] 0403] 0377] 0351] 2 
3 | 0676} 0648} 0620 0537| 0510} 0483] 0456] 0430] 0403] 0377] 0350) 3 
4 | 0676] 0648} 0620| 05 0537] 0510] 0483] 0456] 0429] 0403] 0376] 0350] 4 
5 |).0675| 0647] 0619 0536] 050)| 0482) 0455] 0429] 0402) 037¢] 0349} 5 
6 | 0675} 0647| 0619 0536| 0509] 0482) 0455] 0428] 0402] 0375] 0349] 6 
7 | 0674] 0646! 0618 0536} 0508] 0481] 0454] 0428} 0401] 0375] 0349] 7 
8 | 0674] 0646] 0618 0535] 0508) 0481] 0454] 0427] 0401] 0374] 0348) 8 
9 | 0673) 0645] 0617 0535] 0507] 0480] 0454] 0427] 0400] 0374] 0348] 9 

10 10.0873] 0645] 0617 0534] 0507| 0480] 0453] 0426} 0400] 0374] 0347) 10 
11 | 0672} 0644] 0616 0534} 0507] 0480] 0453} 0426] 0399} 0373] 0347] 11 
12 | 0672) 0644] 0616 0533] 0506] 0479] 0452] 0426| 0399] 0375] 0346] 12 
13 | 0671] 0643] 0615 0533] 0506] 0479] 0452} 0425| 0399] 0372] 0346] 13 
14 | 0671) 0643) 0615 0532) 0505] 0478) 0351) 0425] 0398) 0372] 0346] 14 
15 {0.0670} 0642] 0615 0532| 0505] 0478) 0451] 0424] 0398) 0371] 0345) 15 
16 | 0670} 0642) 0614 0531} 0504] 0477| 0450] 0424] 0397] 0371] 0345] 16 
17 | 0670! 0641] 0614 0531} 0504] 0477} 0450] 0423] 0397] 0370] 0344] 17 
18 | 0669 0641! 0613 0531) 0503] 0476] 0450] 0423] 0396] 0370] 0344] 18 
19 | 0669} 0641) 0613 0530] 0503] 0476] 0449] 0422} 0396] 0370] 0343] 19 
20 {0.0668} 0640} 0612 0530} 0502| 0475) 0449] 0422] 0395} 0369] 0343) 20 
21 | 0668) 0640) 0612 0529] 0502] 0475] 0488] 0422) 0395] 0369] 0342] 21 
0667| 0639| 9611 0529] 0502] 0475] 0448] 0421] 0395} 0368] 0342] 22 

0667| 0639] 0611 0528| 0501 0474] 0447] 0421] 0394] 0368) 0342] 93 

0666] 0638) 0610 0528] 0591) 0474] 0447} 0420] 0394] 0367] 0341] 24 
J.0666| 0638) 0610 0527) 0500} 0473} 0446] 0420] 0393] 0367] 0341] 25 
0665) 0637] 0609 0527} 0500] 0473} 0246] 0419} 0393] 0366} 0340] 26 

0665] 0637| 0609 0526] 0499} 0472} 0446] 0419} 0392] 0366] 0340} 27 

0664] 0636] 0609 0526] 0499} 0472] 0445] 0418] 0392} 0366] 0339] 28 

0664] 0636] 0608 0526] 0498) 0471] 0445] 0418] 0392) 0363] 0339] 29 
0.0663] 0635] 0608 0525] 0498) 0471] 0444] 0418) 0391] 0363] 0339) 30 
0663] 0635] 0607 0525] 0498} 0171] 0444] 0417] 0391] 0364] 0338) 31 

0563] 0634] 0607 0524] 0497} 0470} 0443] 0417] 0390] 0364] 0238) 32 

0662] 0634] 0606 0524] 0497] 0470] 0443] 0416] 0390] 0363] 0337] 33 

0662] 0634] 0606 0523] 0496] 0469] 0442! 0416] 0389] 0363] 0337] 34 
0.0661) 0633] 0605 550| 0523} 0496| 0469| 0442) 0415] 0389] 0363] 0336) 35 
0661) 0633) 0605 0522] 0495] 0468| 0442] 0415] 0388] 0362| 0336] 36 

0660} 0632} 0604 0522] 0495] 0468| 0441] 0414] 0388) 0362| 0336] 37 

0660} 0532] 0604 0521) 0494) 0467] 0441] 0414] 0388] 0361] 0335] 38 

0659} 0631] 0603 0521) 0494} 0467] 0440] 0414] 0387] 0361] 0335] 39 
0.0659} 0631] 0603 0521] 0493] 0466| 0440) 0413] 0387| 0360) 0334) 40 
0658] 0630} 0602 0520] 0493] 0466] 0439] 0413! 0386] 0360] 0334] 41 

0658] 0630] 0602 0520] 0493] 0466] 0439] 0412} 0386] 6359] 0333} 42 

0657] 0629| 0602 0519] 0492] 0465] 0438] 0412}. 0385] 0359] 0333] 43 
0657| 0629] 0601 0519] 0492] 0465] 0438] 0411) 0385] 0359] 0333] 44. 
0.0656) 0628) 0601 0518) 0491| 0464] 0438] 0411] 0384] 0358) 0332} 45 
0656} 0628| 0600 0518} 0491] 0464] 0437] 0410] 0384] 0358] 0332} 46 

0655] 0628} 0600 0517| 0490] 0463] 0437] 0410) 0384! 0357] 03311 47 

0555] 0627] 0599 0517| 0490] 0463] 0436] 0410) 0383] 0357] 0331} 48 

355| 0627| 0599 0517| 0489} 0462] 0436] 0409] 0383] 0356] 0330| 49 

1.0654] 0526] 059 0516| 0489] 0462} 0435] 0409] 0382] 0356] 0330] 50 

0654] 0626] 0598 0516] 0489} 0462| 0435] 0408] 0382] 0356] 0329) 51 

0653] 0625] 0597 0515] 0488} 0461] 0434] 0408] 0381] 0355] 0329] 52 

0653] 0625] 0597 0515} 0488] 0461] 0434] 0407| 0381] 0355] 0329) 53 

0652} 0624) 0596 0514) 0387} 0460] 0434] 0407] 0381] 0354] 0328} 54 
0.0652] 0624] 0596 0514] 0487] 0460] 0433] 0406] 0380] 0354] 0328) 55 

0651] 0623! 0596 | 0513} 0486] 0459] 0433] 0406] 0380] 0353] 0327| 56 

0651] 0623) 0595 0513} 0486] 0459] 0432} 0406] 0379] 0353] 0327] 87 

0659] 0622] 0595 0512} 0485] 0458] 0432} 0405| 0379] 0353] 0326] 58 

0650] 0622) 0594 0512} 0485] 0458] 0431 0405] 0378] 0352] 0326] 59 

34]2 35/2 362 37/2 38/2 39/2 40/2 41/2 42/2 4al2 45/2 46 


TABLE XXXIV, 


PROPORTIONAL LOGARITHMS. 


?t fe) ‘oO 10 ic Bia ol ale) Ud (e) t1o 10 1190 / 
8. h. mJjh. m.jh. m.th. m.th. mjfh. m.th. m. mith. m.h. m.jh. ph. h. 
Q 47/2 482 4912 50/2 512 Lola 53(0 » oh 552 56)2 2 58: 
0 40.0326 24s] 0223! 0195[ 0172) 0147) OLzZ] OOYS| CO7s] 0049) COLA 
1 0325] 0299) 0273) 0248) 0222) 0197] 0172} 0147] 0122! 0097} 0075] 0048} 0024 
2 0328] 0293] 0273) 0247] 0222) 0197) 0171] 0146) 0122! 0097) 0072} 0048] 0023 
3 0324] 0298] 0273} 0247] 0221} 0196] 0171] 0146] 0121] GO96! 0072] 0047) 0023 
4 0324] 0295] 0272) 0247} 0221] 019} 0171] 0146} 0121] 0096! 0071} 0047) 002% 
~ 5 19.0323] 0297] 0272] 0246] 0221) 0195 0170] 0145] 0120] 0096] 0071} 0046] 0022 
6 0325] 0297} 0271] 024€] 0220] 0195] 0170] 0145} 0126] 0095! 0071] 0046! 0022 
7 0323] 0297] 0271} 0245] 0220} 0194] 0169} 0144] 0119] 0095! 007¢! 0046! 0021 
8 0322] 0296} 0270} 0245] 0219} 0194] 0169] 0144} 0119] 0094] vV70l 0045!) 0021 
i) 0322] 0296) 0270} 0244] 0219] 0194} 0169] 0143] 0119] 0094] 0069] 0045! 0021 
10 |9.0321| 0298] 0270} 0244] 0219] 0193] 0168] 0143] 0118] 00931 0069 0044) 0020 
11 0321) 0295] 0269} 0244) 0218} 0193] 0168! 0143] 0118] 0093] 0068! 0044] 0020 
12 0320} 0294] 0269] 0243} 0218} 0192} 0167] 0142] 0117} 0093] 0068! 0044] 0019 
13 0320) 0294) 0268) 0243] 0217} 0192! 0167} 0142] 0117} 0092! 0068] 0043! 0019 
14 0319] 0294] 0268) 0242] 0217} 0192) 0166} 0141] 0117} 0092! 0067} 0043! 0019 
15 10 0319] 0293} 0267) 0242]-0216} 0191] 0166] 0141] 0116] 0091] 0067| 0042] 0018 
16 0319] 0293} 0267] 0241) 0216} 0191] 0166] 0141) 0116] 0091) 0066) 0042] 0018 
17 0318} 0292) 0267) 0241} 0316} 0190) 0165} 0140} 0115} 0091] 0066] 0042! 0017 
18 0318} 0292) 0266} 0241] 0215) 0190] 0165] 0140] 0115] 0090} 0066l 0041! 0017 
» 19 0317| 0291} 0266) 0240) 0215) 0189] 0164 0139} 0114} 0090} 0065] 0041} 0017 
20 19.0317| 0291] 0265] 0240! 0214] 0189] 0164 9139] 0114] C089! 0065! 0040] 0016 
21 0316) 0291) 0265) 0239) 0214] 0189} 0163] 0139} 0114! 0089} 0064] 0040! 0016 
22 0316} 0290) 0264] 0239] 0213] 0188] 0163] 0138! 0113! 0089] 0064! 0040] 00145 
23 0316) 0290} 0264) 0238] 0213} 0188] 0163] 0138] 0113] 0088! 0064] 0039) 0015 
24 0315| 0289} 0264) 0238] 2013} 0187| 0162! 0137] 0112! VO88! 0063] 0039] 0015 
25 10.0315 0289] 0263 0238 0212) 0187) 0162] 0137} 0114] 0087] 0063} 0038 
26 0314} 0288} 0263) 09237] 0212) 0187} 0161} 0136) 0112} 0087} 0062! 0038) 0014 
27 0314] 0288) 0262) 9237] 0211] 0186) 0161] 0136] 0111] 0087! 0062} 0038! 0013 
28 0313] 9288) 0262) 9236] 0211} 0186] 0161] 0136} 0111} 0086} 0062! 0037) 0013 
29 0313} 0287) 0261) 9236) 0211] 0185) 0160} 0135} 0110! 0086! 0061) 0037} 0012 
30 10.0313| 0287| 0261] 9935] 0210] 0185! 0160! 01351 0110 0085] 0061} 0036} 0012) 
31 0312} 0286) 0261} 9235} 0210} 0184] 0159} 0134] 0110] 0085! 0060! 0036) 0012 
32 0312) 0286) 0260) 9235} 0209] 0184] 0159] 0134! 0109! 0084] 0060! 0036) 0011 
33 0311) 9285) 0260} 9234] 0209] 0184} 0158} 0134] 0109! 0084! 0060] 0035! 0011 
34 0311] 0285) 0259) 9234) 0208} 0183] 0158} 0133) 0108] 0084) 0059} 0035] 0010} 
35 |0.0310| 0285] 0259] 9233] 0208) 0183| 0158] 0133) 0108) 0083 0059} 0034} 0016 
36 0310] 0284) 0258) 92933] 0208] 0182) 0157 0107] 0083} 0058} 0034] 0010 
37 0310) 0284) 0258) 9233] 0207] 0182] 0157 0107] 0082} 0058} 0034} 0009 
38 0309} 9283) 0258) 9239) 0207) 0181} 0156 0107] 0082} 0057} 0033} 0009 
39 0309] 0283] 0257] 9239] 0206! 0181 5 0106| 0082} 0057) 0033} 0008 
40 |0.0308| 0282 -0257| 9231 0206] 0181! 0156 0106! 0081} 0057) 0032} 0008) 
41 0308] 0282) 0256) 9231] 0205] 0180) 0155 0105] 0081] 005€} 0032) 0008 
42 0307} 0282] 0256] 92939! 0205} 0180] 0155 0105] 0080} 0056) 0031) 0007 
43 0307| 0281] 0255} 9230] 0205} 0179} 0154 0105} 0080! 0055} 0031] 0007 
A4 0307| 0281] 0255] ga3q! 02041 0179 0154 0104} 0080} 0055} 0031} O00 
45 19.0306] 0280} 0224! 9999] 0204] 0179 0104} 0079] 0055] 0030) 0006 
46 0306] 0280) 0254] ggg9| 0203] 0178 0103] 0079} 0054) 0030} 000¢ 
47 0305} 9279) 0254) gg28] 0203] 0178 0103] 0078} 0054) 0029] 0005 
48 0305) 0279) 0253! 9998] 0202] 0177 0103} 0078} 0053! 0029} 0005 
49 0304| 0279} 0253} 9297] 0202) 0177 0102 bea 0053) 6029} 0004 
50 10.0304] 0278) 0252} 9297! 0202] 01761 0151 0053} 0028} 0004 
51 0304) 9278) 0252) 9297! 0201) 0176 0052) 0028) 0004 
52 0303] 0277) 0252) 9296) 0201] 0176 0052) 0027] 0003 
BR 0303] 0277) 0251) 9296} 0200] 0175 0027} 0003 
54 0302] 9276} 0251) 9995] 0200 0175] 0027) 0002 
55 |0. 0309] 0276] 0250] 9995! 0200! 01741. 0026] 0002 
56 0301} 0276! 0250) 9994] 0199! 0174 0050] 0026} 0002 
57 0301} 9275) 0250! 9994] 0199! 0174 0050} 0025} 0001 
58 0300} 0275) 0249) 9224) 0198) 0173 0049] 0025} 0001 
59 0300] 0274) 0249} 9293] 0198] 0172] 0148 0049] 0025} 0000 
2 47/2 48/2 49/2 50/2 51/2 59/2 53/2 54/2 5512 5e6l2 5712 5el2 


VERS 


COANAA| RP &OD KS SC 


0014 4 


34 


TABLE XXXV. 


rm f 
to & 
— 


iS WM eS WO 
D | 2S > Ot te 
SoD = Oe 


27:2] 29:2 | 
28-0) 30-2 
28-41 31-2 
29-0) 32°2 | 


AMPLITUDES. 
DECLINATION. 

j Lar. Qo | 19 JO | 8° 11°} 129 
Oo @) Oo on: @) .@) (e) re) Oo re) 
0101 4-0 5: 7:0; 8:0 11:0} 12-0] 13-0 
10 | 0] 1-0 5: 7-0; 8-1 11-2) 12-2} 13-2 
15 101] 1-0 5: 7:21 8:3 11-4] 12-5) 13-3 
20:7 0-b 14 5: 75) SD 6) 11-7 12'8 3°8 
25 ee ies: 5 vee S°S 12°4/ 13°3 4°4 
30 | 0 | 1:2] 231 3-4] 46] 5-8] 6-9! 8.1| 9-3] 10-3] 11-6] 12-7] 139) 15-0 
32 | 0 | 1:2) 2:4] 3:5| 4°7| 5:9] 7-1] 8-3! 9:5! 10°6] 11-8] 13-0) 14°) 15-4 
34 10 | 1:2] 2:4] 3:6] 4:8] 6-0) 7-2) 8-4] 9-7] 10-8) 12-1] 13-3) 14:5] 15-7 
35 10 | 1:2] 2-4| 3°71 4:9] GI] 7-3) 8:5] 9-8) 11-0) 12-2) 13-5) 14°7| 15-9 

BO | O |] 1:2] 25) BT] .4:9) 62) 7-4) 8-7] 9-9) LI] 12-4) 13-6) 14.9) 16-1 
37 | 0 | 1-2] 25] 37] 5-0] 63] 7-5] 8-8) 10-0] 11-3) 12-6) 138) 15-1] 16-4 
38 | 0 | 1:3] 2:5] 3:81 5:1} 6:3) 7-6) 8-9} 10-2] 11-4] 12-7] 14-0) 15-3] 16-6 
39 | 0 | 1:3/°2-6] 3°8| 5:1] 6-4) 7-7] 9-0] 10-3) 11-6] 12-9] 14-2) 15-5) 16°8 
40 | 0] 1:3] 2:6] 3:9} 5:2] 6:5) 7-8) 9-1] 10-5) 11-8) 13:1] 14°4) 15-7} 17-1 
41 | 0 | 1:3] 2:6] 4-0] 5:3] 6-6) 8-0) 9-3] 10-6] 12-0] 15-3} 14:6] 16-0) 17:3 
42 | 0} 1:4] 2:7] 4:0] 5:4] 6:7} 8-1] 9-4} 10-8} 12°1] 13-5] 14-8) 16-2] 17-6 
43 | 0} 1:4] 2-7] 4:1] 5:5] 6-8} 8-2) 9-6] 11-01 12°38) 13-7] 15:1} 16-5} 17-9 
44 | 0] 1-4] 2:8] 4:2] 5:6) 7:0) 8-8] 9-7] 11-1] 12°6) 14:0] 15-4] 16-8} 18:2 
45 | 0} 1-4] 2:8] 4:2] 5:7] 71] 8-5} 9-9) 11-3] 12-8) 14-2) 15-6) P71) 18:5 
46 | 0 | 14] 2°9| 4:3] 5-8] 7-2} 8-6) 10-1] 11:5) 18-0) 14-5) 15-9) 17-4] 18 9 
47 101] 1:5] 2:9] 4:4) 5:8] 7-3} 8-8) 10-3] L1-°S} 18°38) 14:7] 16-2) 17-7] 19°3 
43 | 011-5] 3:0] 4:5] 6:0] 7-5! 9-0] 10-5; 12-0} 13-5) 15-0] 16°6) 18:1] 19°35 
49 | 0} 1:5] 3:0] 4:6] 6:1} 7-6) 9-2) 10-7] 12-2} 18-8} 15-3] 16-9] 18°35} 20-0 
50 | 01} 1:6] 3:1] 4:7] 6-2} 88! 9-8] 10-9] 12:5] 14:1) 15°7] 17-3} 18-9] 20 5 
51 | 0 | 16}| 8:2] 4:8] 6-4] 8:0) 9-6] 14-2} 12-8} 14-4] 16-0) 17-6) 19-3} 20-9 
52 101] 1-6] 3:3) 49] 65] 8-1] 9-7] 11-4] 13-1] 14-7] 16-4] 18-0] 19-7] 21-4 
58 | 0] 1:7] 3:3] 5:0] 67} 8-3! 10-0] 11:7] 13-4] 15-1) 16°8) 18°35} 20-9) 21-9 
54 | 01} 1-7] 3-4] 5:1] 68] 8-5} 10 2} 12-0] 13-7] 15-4] 17-2] 18-9] 20-7] 22°5 
55 | 0 | 1-8] 3°51 5:2] 7:0} 8-7} 10-5] 12-3} 14-0] 15-8} 17-6] 19-4] 21-2) 23-1 
56 | 0 | 18] 3:6] 5+) 7-2] 9-0) 10-7] 12-6) 14-4) 16-2) 18-1] 19-9] 21-8) 23-7 
57 | 011-91 37) 55] 741 9-21 11-1] 12-9] 14-8] 16-7] 18-3] 20-5] 22-4] 24-4 
58 | 01] 1:9] 3:8] 5:7] 7:6] 9:5} 11-4] 18°83} 15-2) 17-2) 19-1] 21-1] 23° 1) 25:1 
59 | 0! 1:9] 3:8] 5:8] 78} 9:7} 12-0] 13-7] 15:7] 17:7] 19-7] 21-7} 23-8! 25-9 
60 | 0 | 2:0] 4:0] 6:0} 8:0} 10-0] 12-1] 14:1} 16:2] 18-2] 20-3] 22-4] 24-6] 26-7 
G1 | 0 | V1) 41] 62] 8-3] 10-3) 12-5] 14-6) 16-7] 18-8) 21-0] 23-1] 25-4] 27-6 
62 | 0 | 21] 4:3| 6-4! 8-51 10-71 12-9] 15-1] 17-3] 19-4] 21-9] 23-9] 26-3] 28-5 
63 | 0 | 22| 4:5] 6°71 8-8} 11-1] 13-4] 15-6} 17-9] 20-1] 22-5} 24-8] 27-3] 29°6 

0 | 2:3] 4:6] 6-9} 9:1 | 11-5] 13-9] 16-2] 18-5} 20-9] 23-3] 25-7] 28°38] 30-9 
0 4-8| 7:1 | 9:5 | 11-9] 14-4] 16:8] 19-3] 21-7] 24-2} 26-8) 29:5) 82-5 


Note—The Amplitudes in this Table are expressed in degrees and tenth parts of degrees and 
to turn those tenths inte minntes, we multiply them by six, which will give their value in at ae 


229 


TABLE XXXV. 


AMPLITUDES, 


DECLINATION. 


1160 163° 179 |17$9] 18° }1820] 19° |1929] 20° 2010] 210 2149] 220 (2210) 2: 


——- | | | - >| | | | -_—————- | | | — |] |] | S| FS] 


OG, ieig 2 Wr I fe) fe) fe) fe) Guo OWE Pea tke CU MMe Yaa Be £8 tae eh Fle 
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Wehrenicais's oe sy 9 Ol eet 
Adelaide.....| 5 44] 6 
Adeniisveasd teenie 
Adenara..... 8 
Agoada..... 10 30) 9- 

aAKaroa.. sos 001 4... Clue 
Akyab.......{ 9 45] 9- 
Albemarle....} 7 15} 7 
Alderney......| @ 46)17-8 
Amboyua.....{ 0 33) 7 
AIG ye aise eis)» 12 S0}18-17 
Amsterdam...! 3. O| 18 
—f,1.O0c....J]11 O| 3 


Andamans N, 


§Andrava B....) 38 
g Andrews, St.. .{10 
Angra, Azores}12 
— Pequenha..} 2 


AINA Zee esate) Loo 

7— St. il Seych} 5 380) 6 

j Annapolis, US] 4 43) 2} 

7— Noy. Seot..jl1 O} 30 

‘| Anticosta, W. 

ay PEs aot 3 380) 11 
Antongil B....} 4 OF 5 
Antonio, Cuba.} 9 380} 1} 
— Port.....-110 40/30-18 
Antwerp.....| 4 25) 14 
Aor Palo. .-o. 5 
Arbroath... ...] 1 40)/14-8 
Apalachicola... 4 
Areachon ....] 4 37j|12-7 

gArcas ....... 12. OF 14 
Archangel....| 7 18} 2 
Ardglass.....J10 80} 19 
Ardrossan, .../11 54/10-8 
ATI econ cis OL a 
AtGibiy. +i: we 10 
Bret ese lg cool 
Arundel.......{11 15] 16 
Ascension.....] 5 80) 2 
Auckland... a6 Oh, LO 
Augustine b....| 4 80) 13 
— U.S.......] 8 4] 64 
Awatcha.....| 3 30) 64 
Ay 18 10 B65 f 
Bab el mandebl12 30 
—— IPSS. catee ell lL ROG 
Bahians oc ecceleo BONS 
Balade.......1 6 80 
Balasore......] 9 45! 10- 
Balbriggan... .110 40) 11 
Bally raid 12 80) 11 
Baltaz eis 9 45) 6-3 
Baltimore. ...} 4 28) 12 
Bananas .....| 8 15] 9 
Bancoot....../11 O| 12 
BBHOR.. Gaacstt 4) O62 
Banff...........| 0 40 11-6 
Banks .......| 3 42] 8 
Bantam...... 5 
Bantry B.....| 8 47|10-5 
Barbara .....j11 15] 6 
Barbe ...2--.| 6 OQ} 6— 


TABLE XXXVIII. 
CONTAINING THE TIDE HOURS, OR THE TIMES OF HIGH WATER, 


j At the Full and Change of the Moon, (usually called the Establishment of the Port,) at the principal Ports and 
+ Harbors of the World, with the Vertical Rise of the Tide in Feet, in both Spring and Neap Range. The first § 


PLACES. 
H.M.| FT, 

Barfleur .....|@8 54 
Barnstable ...J11  O] 9 
Barren Is.....} 4 45} 12 
Basan 515): 97 
Basseen...... 12° SUN 17 
Batanes...... 4 
Batchian..... 6 
Dito. vats cele Oe: 
Bathurst......] 8 10) 7 
Bay of, {ac'./..0 9.16). 6 
Bayonne... . | 8 15{ 16 
Beachy Hd. ..j11 | 21 
Beaumaris ...J10 32}21-11 
Beaufort....../ 6 52) 7 
Belfast........|10 43] 9-6 
Bell Sound....] 8 56} 8 
Belle Isle.....]11 30} 7 
Bambatooka. .| 4 80] 16 
Bembridge ...|11 40 
Beneoolen....] 0 0 
Beart... 2 hoe ta rae Ea 
Berbice......] 4 30] 11 
Bergen. .)3 vse]. 80 
Bergen op Z..} 3 30 
Bermuda.....{7 or 8] 5 
Berwick on 

Tweed.... | 2 18] 16 
Bilboa.......) 2 53} 292 
Bissno......--| 6 SU} 14 
Blanco C...../11 46) 6 
Blewfields....) 1 50} 2 
Blyth........] 2 48/14-10 
Bodega..... --{11 30) 7 
Bojador... «5212-0 
Bombay ..... 11 10)15-11 
Bonacea ..... 9 OF 14 
Bonpyice wan os 5 OG 9 
Bordeaux ....] 6 55}/14-11 
Boston, U. S.. {11 31] 12 
Botany B.....] 8 04 7r 4 
Baw Le 24 8 
Boyanna B....] 4 30) 15 
Dravais. 7s. ach Sues 


Bray Hd......|10 45}12-7 


Brebut. 1.025.105 2a C37 
Brest........1 3 48119-9 
Bridgewater. .} 6 50/35-18 
Brielle..... eae echt Chae ae 
Brighton ...../10 6] 16 
Bristol. ......] 7 15! 40 
British Sd. ...] 4 0] 94 
Bruyies tence np Oe 9 
Buenos Ayres.} 0 0} var. 
Bulamal.....] 4 30} 15 
Bunerana ....] 7 541 17 
Bushire.......] 7 80) 6 
Bussora...¢.../12 |, 
Button Is.....] 6 50 
Oadtz oa £... 2 ton 12-8 
Cuernarvon...| 9 3314-8 
ajelteg. sb... i Ono 
Culeutta ..... 3. 0 
Calebar, New.] 5 0] 9 
Callao....5...15 47] 4 
Cameroons R..| 6 O| 7 


Camiguin .. 
Campbell L ..J12 Gf 43? 
Campbelton.. .J11 45) 8-4 
Campobello ../11 1921-16 
Cambing.....} noon| 6 
Canso, Gut.../ 8 301 8 


TIME. |RANGE 


PLACES, 


Cantin O...... 
Canton .......| 2 


Capricorn C...} 8 0} 7 
Cargadus Gar.| 2 8} 4 
Cardtti). ie 6 59 
Carlingford... .{11  O|18-12 
Carlos St...../11 45) 19 
Carrickfergus. 10 38u; 8 
Cartaret ..... 6 
Castlereagh ©.) 2 6G 74 
Catherine St. .| 2 40] 6- 
Catoche, C.... 1 
Cayenne .....| 8 45] 6 
Cayeux.,.....{L1  5}27-16 
Coptn wares 1 55 
Chaguaramus.| 3 30] 4 
Champion BOO LOPS ee 
Charles, C....] 7 45] 5 
Charleston ...| 7 15} 8 
Chatham. ....| 0 54 
Chatte Oo ci 32 SOEs 
Chaussey ....] 6 9} 30 
Cheduba..... 11.30, $ 
Chepstow.....] 7 80) 702? 
Cherbourg ...| 7 49/17-8 
Chester,. ... . 10 30] 26 
Chichester... .j11 45] 14 
Chignecto. .. J11 0} 32 
Chimmo B. ...412 25) 16 
Chin-chew... .J12 25) 17- 
Chin-Hae ....J12 10) 10 
Chittagung....] 1 30/15-10 
Chosan ......] 7 380]. 4 
Christmas... .J10 0 
Chusan ...... LL Oj12-6 
Cireular Had.. .}12 9 
Clara, Sta.....] 4 0} 7- 
Coast, OC. 3a. 454509 
Cobija........] 9 54] 4 
Cochin he. wes : 6 
Cockburn ....] 4 15} 12 
GodiCi wane Li: 30).18 
Colorado. ....| 8 40} 11 
Columbia R...J12 15) 74 
Comores sc. 4 8u; 12 
Condore .....] 8 O| 4 
Copiapd .....7 8 30] 5 
Coquet ......] 5 45j15-8 
Coquimbo....] 9 8} 5 
Cordovan ....| 3 87/1l4-7 
Coringa......] 9 0} 5-3 
OCirised), ba fee Oe 
POrK ee cabal 5 111-7 
Corunna... a; 0 
Coupang...... 11 30) 7 
Coy Inlet ....| 9 80) 40 
Craecatoa.....) 7 O| 4 
Cromer.......| 7 Oj15—7 
Crooked [.....] 7 23 
Crookhaven ..} 4 0/12-8 
Curieuse......| 5 10) 7 
Curtis, Port, 

Austr......| 8} {10-6 
Cutch, G......J/11ltol| 15 


Cuxhaven.....} 0 44 


TIME, |RANGE 


Dalrymple ---/12 5) 10 


Damaun Bar .| 1 380} 17 
Dampier Strait 11 
Dartmouth....}| 6  5)19-11 


Darnley I.....} 9 30} 10 


Darwin, Port...| 5 30|24-17| Gay Hd...... 


} two rambers, couneeted thus — in the Range column, denotes the Spring Range, the second the Neap Range 


PLACES, TIME, |R 


H. M. 
Dauphin, Fort| 4 80 


Delagoa .....| 4 40 
Delaware B.C, 
Hen. ¢....4 8 © 


Delgado, Az...) 12 30 
— Goose.) #0 
Delhi; Reiter 
Demerara... .| 4 
Desive.2 Cane 
Devonport... .| 5 43)1 
Diamond 1. ..j10 80 


Diego Gar. ..| 1 380 
— Ram. ....] 4 0 
— St. C. ....) 4 80 


ANGE 


16 
8 


5-7 


Dieppe «.... {11 6}27-15 § 


Discovery ... 
Dislocation... 
Di te see a ne 
Divy,... 4.5 
Douglas .. 
Douvet..2e pou 1112 

Dragon’s Mo..| 3. 0 

Dublin PoolbJ10 80}) 


Dunbar... .%.1 3 0 
Duneansby .. {10 0 
Dundee......| 2 81/1 


Dunkirk ... 112 
Duumore.... 
Durnford.. ... 
Durien, Strait) 1 


Easter J. .... 
Edgar, Port... 


Egg Harbor... 


2 
7 
7 
2 
Elena .......| 4 
Embden ....}12 
Endeavor R...| 8 
English Rd. ...) 7 
Essington Pt.) 38 
Evangelists ..| 1 
Exmouth ....] 6 
Exuma.......| 7 


Fairweath. C..) 9 0 
Falmouth... .| 5 80 
Famine... ...| 0 

Faydl ot. .euihe oe 
Fear, Oo. bee 
Fernands Nor] 4 0 
Ferrok i 2 

Finisterre ...] 3 0 
Flameneo....} 9 10 


Fleetwood . ..)10 53/2 
Flushing ..../ 1 0 


Folkstone .... 
Foreland, N. . 
Powe y<'5 a <'4: 
Franeiseo, St.../11 
Funchal ...../12 15 


Gaboon, R....| 6 


Galveston ... 
Galway 
Gambia, Bath- 

UTRE Sins’ & 
Gambier Is... 
Gaspé B..... 


dt -glea- 


5 4 
11| 


20 
4 
3-7 


PLACES. TIME |RANGE PLACES. TIME. [RANGE PLACES, TIME. [RANGE PLACES. nIME, RANGE 
Fem. Ol ae H.M. | FT. H. M. | FT. . HW.M. | FT. 
Geby I...... oi 5- | John’s, St. N.BJ11 23/23-17] Malaga.... ..|/12 0} 8 [New London.| 9 30} 5-2 
Jeorge, St.sh.!0 30] 7 Joseph, St... 56 O| & | Maldives... ..| 3 O| 4 Newport.....| 7 45) 6-3 
Georgetown ..| 7 O| 4 |Juan, Suls R.. 8 20} 14 | Malo, St... 6 5|85-17]1N. Providence] 7 8} 4-3 { 
Gheriah... 6 Se Peritoaess| OF LOL. o Malpelo Pt...) 4 0/10 JN. York City.| 8 37| 6 
Gibraltar ....| 2 20 — de Nova... 5 Manila ......4 irr, 3 Nicholson. ...{ 4 16) 6 
| Glasgow.....4 1 25 SEE eee Bie ga 10 45) 80 | Man of-War ‘ ICO Ve act tiers 256) 10 
} <tloucester ...] 1 30) 5 RIRVAini a t'% 5\0 8 10} 4 |NinepinIs..../10 0) 5 
SOT Seeds ce[i lb 40) 0 Karakakoa B...| 3 49 Manukau .....) 9 30} 12 | Noirmoustier. é 2117-16 # 
Good Hope, C} 3 0 Katwyk . 2 30) 5 Maranham ...} 7 0} 18 [Nore Light . sles 2 30/14-  & 
(tood Suecess.| 4 3] 9 |Kedgeree....}l1l 30 Marblehead ..]11 80} 12 [Norfolk I...) 745) 7 § 
Goree .......| 7.48] 4 Keele... .<2):4. 0b Mareouf, St...| 9 55} 20 | Noss Bey....) 5 6] 15 ¢ 
Gracias, C. ...J10 380) 2 Kelung.. ..... 10 80} 8 Marusse......| 4 OG] 5 Neuva G.....f 7 10) 10 
Grand, Port .. 14 {| Kilduin......| 7 O| 12 | Martaban.....| 2 20) 21 | ae 
Granville ....] 6 13/37-17] Kilrush....... 4 42) 16 | Martin, Cove .J.3 50} 8 Oeracoeke ...] 9 O 
Greenock ....J12  8}10-6 | Killibeg .. 6 45 Martin Vas ..1°3 45; [Old Pt.Comft| 8 2% 4 
} Guaseo ...... 8 30} 5 | King G’s.Sd..} irr. 8 | Mary, St. CN. — Providence} irr, , 14 
Guatuleo.....| 1 380] 5 King’s L..... ir. 12 Scotia.....| 9 80) 16 [Oleron....... 3 50) 19 
| Guaymes,....) 8 03} 6- | Kingston ....j11 10/11-6 | Matheson Harj1z 30} .17 | Oporto...... 2 30/10- 
| Guernsey . 6 80} 35 | Kinsale.... .-| 4 43111-7 | Massowah....] 1 0} 38 [Orange B....) 3 30) 5 ff 
Gun Cay.. 74 oe | Kish Lite... 10 380) 10 | May, C.......| 8 19] 6-4 |Ostend...... U0 20/19~15 § 
}Guayaquil....) 7 OjL1- | Kishm I... 11 0} 12 | Mayotta ..... G45) AL ee Ota. eae 5 32U; 9 
Kracatoa.....) 7 O| 4 | Mazatlan.....| 9 40) 34 [Otaheite..... noon | 1 
Haarlem.....] 9 © Kuria Muria..| 8 20] 6. | Mazeira......'10 48] 5 Otway, Port..Jnoon | 6 f 
Magus...,..-| 7 45) 21 | Kykduin.....) 7 0) 12. | Meichow..... 12 30)17- 
Hakluyts Hd..| 1 30) 4 Melinda......| 4 15| 11 |} Padstow.....] 4 40|22-16 5 
Halifax. .....] 7 39] 8 Lagos, Afr.. 4 0} 6 Mergui .....-/11 30)21- Palmas C:...] 6 30] 6) § 
Hamburgh...| 5 0 — Por tug: al..| 2 "| 13 Merjee: ea a beieiahe 11 OU} 7 | Palmiras Pt...) 9 80)11-7 § 
Hammerfest.".| 1 Lambey eque.. | 4 O| 8 | Miatau...... 7 | Panama..... 39 ! 
Hardy, Port .| 8 Lamo ....6.- 4 G6) 11 | Michael, St. Azi12 80) 6 |Paposo......} 940} 5 
Hartlepool...) 3 ¢ Lathan, 2. <0}: 40.00 107 | Michel oc... Battiestaeees « 12) ca el Tee 
Harwieh......} 0 Leith...... --| 2 17)16-7 | Milford Haven! 5 45) 22 [— Entr......10 0 | 
Hastings, St.M.)10 Lerwick ......| 9 45] 8 Mindanag, S.pt) 7 0) 6 Passamaquod|i] 36, 25 § 
Hatteras, C. .. Leiibu R. ..../10 80} 5 | Mingan....... 1 30| 7 | Passandava..| 5 (| 15 } 
Hayana.... Limerick..... M ehhn  POHIN Th sy swee flO) 1DILIoL Prati, cones 430} 10 f 
Havere.......| 9 Lindy . SoU Le. vk Mimo Deis) 5) Ol 15a bh Pay tae. v2 ae su 38. | 
Haytien, O... 6 LID oe cleo o.- 12 O| 8 . [Mira por vos...) 9 80) 3 |Pearl Cays..)2 2 § 
Heligoland .../11 Lisbon....... 4 0 Mississippi ... 14 | Peiho R.....) 330) 7 & 
Helena, St. ne ») Liseombe .... "7-4 | Mobile... 2- Pelew Is..... ee 
at ooo 3 Liverpool ....{11 16)25-11] Mocha. ...... 4 {Pemba...... 415) 12 § 
Henlopen, C..| 8 Loando...... 4 30) 6 |Mogador.....| 2 0| 10 | Pembroke ...] 6 12/21-10F 
Henty, ©. ::... 7 LUI ciel sia eis « 220) 5 |Molueea Is... 3 | Penang ..... 215 8 § 
' Heradura,....| 9 Loheia.......| 1 301 3 Mombaza ....} 4 O| 11 {Peas C.....| 642) 12 | 
Hillsboro’ Inlet} 7 Loire, R. mo..| 8 45} 19 Monganui . a E0ReS Peniche ..... 1 54 
| Hobarton ....] 8 Lomas,...... 8 19) 5 Monomy she tel: 11 30| 6 | Penmarch...} 3 t6 
Hokianga ....] 9 Lombock..... 4% |Monterey ..../ 7 30 Pensacola ... Q% 
Holines’ Hole.}11 London Bridge} 2. 7| 18— | Monte Video. .} irr. Pentland Sker| 8 50) 8-3 4 
Holy as...) 2 Loo Choo, Nap) 9 O| 9 Montrose.....] 1 30/18- Pernambuco .| 423) 6 J 
) Holyhead ..../10 2 Lopez, C. ....| 4 30 Monts, de...../12 O} 12 | Peros Banhos.} 180) 5 4 
Honduras Bay. L’Orient...... 3 41| 20 | Morebat . Y O| 6 | Peseadores ..J10 80) 9-4 
Honfleur .....1 9 Los Is.de....| 6 35/17-18] Moreno... 10 O| 4 Peterhead....} 0 48/L1-6 
Hong Ko..... otis Port...) 2p 9 Morlsix oc eae 4 §3:24-12! Philadelphia. } 1 22) 7-4 \ 
Houtman’s Abj11 — Falk. ..... SO epe | Mossel Bes. 3 ‘| MND: siauci se « 020) 3 J 
Honoruru . in. Low; Port....} 0 40) 7 Mount Desert.{11 10) 18 | Pichidanque .| 9 20) 5 
Horn, C... 4 40 Lowestofft ...| 9 51) 8-4 | Mourandova...| 4 45) 12 paige Crs, LOO 
mowe, ©... ... ald TIGCAR cee «stk 9 20) 9 Mozambique. .| 4 15| 12 MEG stan e pstvle 450| 4 
Huacho...... 4 44 Lundy L.....| 5 15)27-13] Mugeres ..... 9 30} 14 Papin ; 915} 8 
Proueor. sa... 6 ¢ WNBA Le: bene 5 | Plettenburg. tS 10) 2 Seek 
Hunter, Port..j10 45 MAGHO ules ct Oo oe Ply mouth, Us S11 380} 11. J 
Macowa I.....j12 80] 2 |[Nagore....... 8 15% 3 | Pomba...... 4 O15-7 § 
Ilfracombe . 5 45/32-13] Machias...... ll G| 12 De ane em. 9 15! 8 Pooled ase 9 30} 5-2 &§ 
JidUses.%'.: « irr, [1s Macquarrie...| 7 80] 8 | Nangasakr.. 4% 52] 9-1 ?# Portland, US{l1 16) 12 f 
bInhambans,..J 4 14 Madame ..... 4 (W 5 Nanka Fe tore 12 | Ponto Rico...] 8 30} 1 &§ 
# Inverness ,.../12 18/12-7 [Madeira ..... 12 48] 7 Se pat Sh. 10 44 Port Royal ..| 546| 6 § 
Tquique., a ae Madras ...... 7 341 *8 Napakeang...| 6 80) 7 Portsmouth, 11 41] 2-6 ff 
Islay... a's} 8 5: Magadoxa....{ 4 30] 8 Nareenda B....] 4 30] 15 ie: UiiScee on 11 80; 10 § 
gives, St. ....) 4 4421-10} Magalhaen’s St Nassau ...... 7 30) 4-8 | Post Of B...} 210 6 & 
i E entr.. S645) IM Watal... cscs: £04 t -ouinipet 6 O| 44 
Jaciuto .. 6 Mahé:t. es 3.45) 6 |Negapatam...|5 0% 3 [| Praya...... 0 Oo]. 5 
iJask B.... 6 Mahony cs x «> 9 37) G-4 | Neoro R...... 11  O|. 14 ' Puget Sound.| 6 O| 18 
Jericodicoara. .|11 Magnetic I....] 3 10] 12 | Nelaon....... 9 Of 11 | Pulicat Shoals! 9 25} 3 
Jersey.......| 6 3033-14} Majambo ....} 4 30] 16 |New Bedf rd.] 7 55] 5-4 
Jervid .......| 6 45 Magdalena B..| 7 35] € Newburyport./11 15} 10 {Quail T...... ye |) eae 
Jiddah Be Aarite) 2 ivr Magdalen Is..] 8 20 38 |New Calebar..| 5 30} 8 Quebec ..... : 30) 17 4 
Johanna ..... 3 Makumba....| 4 45] 17. | Newhaven ... ‘11 9{19-14] Quentin St...) 9 St 5 E 
dokn’s. St. N. EF) 7: Malacea ..... Ob5h 8~Sn Le res Sieg 2 at i 161 6-5 | Quilea ...... [S800 6g 


TABLE XXXVIII. 
CONTAINING THE TIDE HOURS, OR THE TIMES OF HIGH WATER, 


$29 


f Raine l.......) 8 
@ Rajahpoor.... 


¥ Ras el Khymall 


230 


Quillimane.. .. 
Qniloa....... 


Rachado C....| 5 
Ragged [.....| 8 
— Pt. Borneo. 


Rangoon .....-| 5 


Realejo......| 3 


Rendezvous L 8 
Resolution Bay 
Marq. .....| 2 30} 4 

Rio Janeiro...} 2 6 
Rochefort ....| 3 48} 20 
Rochelle.....4 3 39 
Rodriguez ...} 1 6 
Rogue, C.'St... 10-6 
Rotterdam ...| 3 45 

§ Royal f......| 7 45) 34 

# Rush, Port ...| 5 50) 7+ 

Sable C. ...../ 8 9 

g — J.. N.side..|10 30) 7 
— Ditto Sside| 8 380) 7 
Saintes ......! 6 45 
Saleombe ....| 5 50/19-11 

§ Saldauha.....{ 2 O| 6 
Snulem......../11 15] 11 
San Blas......) 9 45) T- 

f Sandalwood BJ 6 6-? 
San Carlos 

Rg Yt eels aed 7 8 

4 Sandy Hook, J 7 29) 6-4 
Sanguir [..... 6 


# San Jogef ....10 0)80-20 


Sta. Cruz... | Y 3040-18 


TIME, |RANGE 


TABLE XXXVIII. 


PLACES. TIME, [RANGE 
H.M. | FT. 
Sta. Maria Is. .j10 20) 6 
Saperuah B... 6 


Saugor J. .... 12 


Savannah ....j 7 15) 84 
Santander....| 3 30 a 
Scarborough. .| 4 12/18-10 
Searbet I.....} 1 30) 10 
Sea Bear B...j12 43) 20 
Sebast. St.....]| 2 Uf 4 
Second Bar...}| in q 
Sein [........] 3 2117-7 


Selsea Harb.. .jJ11 45)14—-5 
Senegal......J10 30 
Serruna...... 2 


Serranilla....} irr. 2 
Shelburne....| 8 30) 8— 
Sheerness.....| 0 37/16-11 
Sherbro’.....] 6 O} 11 
Shields......./ 3 80}/15-11 
Sierra Leone .| 7 50) 11 
Simons B.....| 2 380! 5 
Singapore....| 9 0} 9 
SSIBMEA SS stay bie 2 
Sitka’... 25... }:0 84 
Sofula........] 4 O/21- 
Spain, Port...| 3 0 4 
Spurn Pt.....| 5 20/23-14 
Staten I......)/ 4 30} 8 
Stephens Port 
Falk.......| 7 45) 7 
— Austr.....| 9 15) 8 
Stirrup Cay...| 7 O} 4 
Stonehaven...| 1 17)14-8 
Stockton...../ 4 30) 1: 
Stornoway ...| 6 4615-11 
SUEZ) wreiere shavers 0 30) 6 
Sunderland...) 3 23,14-S 
SIO Seis s'vislal 50] 3 


‘Surat. ey akeloratete 


PLACES. TIME. |RANG 


FT. 
30 


= 


Surinam ..... 
Swan Ro caes. 
Swansea...... 


Sydney.......] 7 36] 6 


WIND OM! 
ro 
S 
to 


— Bret. L.... OG] 6 
Table B: 2.158. 80). 6 
Tue-Chow Is..|10 0} 15 
Taleuhuano...j10 14] 5 
Tamar, ....3.}'8 <5) 5 
Tamareed,...] 7 20] 8 
Taumatave....| 4 18) 8 
Tang-tang....) 4 30) 6 
Tata So .. 201 0 eal re 
Tarbert......| 4 57/15-10 
Tarifa ..c.ss (11154 8 
TAVOY 55 nes LOO) aT 
Teignmouth ..| 6 0|13-7 
Tenerife .....| 1 80] 7 
Texelso 0... 332h 6 451° 6 
Tien Pak.....{12 O} 8 
Thomas, St. I..| 8 25) 4 
Three Pts.C. .| 8 0} 5 
Tinioansh oo 3 6 O| 7 
Ting-Hae, Chu- 
BAN... eee ef Ll O1L2-6 
Tobago ...... irr, | 3} 
Tongatabou ..} 6 50) 4 
Torbay .....-| 6 Of 20 


Torres Strait . 6 


Triangles nica’ 1} 
I'rineomalee...| 8 18} 2 


Tristan ‘d’ Ac... 8 
Tynemouth...| 2 50 


Union Bc e@eee 3 10 12-6 
Upstart C.....9 0' 6 


CONTAINING THE TIDE HOURS, OR THE TIMES OF HIGH WATER. 


PLACES 


Ushant...... 
Valdivia .... 
Valentia .... 
Valparaiso .. 
Vera Cruz... 
Vierd O.n.5305 
Versavah.... 
Vincent, Port 
Vingorla 2... 


Virgin's C.... 


Wahaay.... 
Walwich.... 
Wangaroa.... 
Waterford... 
Welseley Is. . 
Western, Port 
Westport.... 
Wexford .... 
Weymouth .. 
Whitby .....| 8 
Whitehaven . 
Wicklow..... 
Wilson's Pro,.| 2 
Woosung....} 1 


Yang-tze-ke- 
FULT aor pe 


Yarmouth ...} 9 
Yellaboi ....) 7 
Vlas stave ARTE E. 
York 40. esc 
Youghal.....] 3 


Zinzibar.....| 4 


TIME. |RANGE 


30} 7 


45) 13 § 
14/2312 | 
30) 9-5 

u; 10 
8U; 16 


15-104 
10} 7-2 
1ur 10 
2 6 | 
15|T4-10 
26)12-8 


2) 10 


TABLE XXXIX, 231 


OF THE MOST PROMINENT AND CONSPICUOUS I'LACES 


; CONTAINING THE TRUE POSITIONS 
i IN THE WORLD. 


The Lonzitules are reckoned from 


1 EB. Coast of U.S. of America. 
Lat. N.|Lox. W: 


° 


NAMES OF PLACES. 
} Isl’ of Campo Bello 


IN reT ces cer diater's 44 57 |66 55 
Quo ldy Head Light) 44 49 3/66 57 
i Grand Mannan S.W. 
PB oend. si... eee | 44 SL =| 66 53 
Mount Desart Rock 
Light House..../43 58 |68 85 


|} Agamenticys Hill. . 
pCape Aun, Thatch 
churn !sland light) 42 38°3 | 70 347 


j Cambridge Observa 
BM oe.e gs ti2 
f Cape Cod Light.... 
PMonomoy Light... 


71 185 
71 28.6 
71 342 
72 «51 
71 511 
74 01 
73 59'8 
73 588 
74 6 

14 17:5 
74 573 
75 47 
15 87 
75 52:2 
75 579 
76 02 
17 21 

17 28 
2/75 30°9 
76 33 


# Newport Spire.. ...|41 292 
Point Judith Light.) 41 21-6 


i Barnegat Light H.}39 46 

# Little Eeg Harb. Lt] 39 30:5 
4 Cape May Lizht... 
7 Cape Hen!op’n L. Hj 38 46°6 
f Philadelphia St.H. .] 35 
@Smith’s Island light, + 
qCape Charles..... 


Cape Lookout.....} 5 


Cape Fear. .......{3838 48 [77 57 
q George Town L. H) 33 125]79 10 


§ Cape Roman...... 79 24 


Charlestown L. H../3: 79 525 
[Tybee Light....../32 0 | 80 52 
Light on St. Simon’ 
Island........./31 8 |81 36 
Citnberland Islan 
Me Licht),... 220s 180 450 (8137 
QSt. Augustine L. H| 29 523] 81 25 
Ca; e Carneveral.../28 27 | 80 33 
aBall Head.......[27 1 {8011 
WCape Florida Light/25 399/80 5 
Key West Light..|/24 33 |81 473 
Tortugas Island, S. 
PRONG cess ssf lt ol [One 
St. Mark’s Light H/30 4 [8410 
Cape St. George.../29 35 {85 4 
Pensacola Light...)30 19 |87 169 


Mobile Point Light. 
Mobile, Barton’s Ac- 
ademy. wine ecive 
Mississippi River.. 


30 13°8 | 83 05 


30 41°4 Iss 1°9 


“ a. 1. Outre Pass} 29 14 {89 O 
* Balize. ...-.-/29 85/89 1:4 
“« §. E. Pass..../29 6 188.57 


98 597/89 74 
28 58:5|89 20 


MUBLASS; o cieiscd 
S. W. Pass... 


the Meridian of Greenwich. 


Lat. 


° 


N. 
NAMES OF PLACES. ; 


29 575 
29 3 


New Orleans...... 
Racoon Point. ...!. 
Sabine River ent.. .}29 40°6 
Galveston entrance.|29 205 
Rio’ Grande....... 25 56 


St. Catalina Island.| 33 23 
Santa Cruz Island. 

W Perel ear ascty ate 
Point Conception. . 
Mount Buchon.... 
Pointi Pinos: 4's) ses. 
Montery Fort..... 
Farallones Rocks pk. 
San Franciseo Fort, 

S. side entranee.| 37 485 
Mt. Bolbones 38765 

ft. 10 leag. in'and} 37 52.9 
Cape Mendocino... .|40 29 
Cape Perpetua... .|/44 12 
Pt. Adam entrance. 

Columbo River. .|46 12 
Cape Disappointim’t| 16 16 
Astoria City....../46 10 
Pacifie City 46 20 
Gray’s Harbor, 

Head if... ofA 70 
Cape Flattery S side 

ent. of the Straits 

of Juan de Fuea.}48 9 


34 10 
a4 31 
35 18 
36 385 
36 364 
37 42 


eeerree 


~ Islands in the West Indies. 


Island of ‘Trinidad, 

Point Galiote....J/10 9 
* Point Galera....|10 50 
Tobago, N. E. end..} 11 20 
Granada, S. end...]11 59 
Barbadoes. E. end..}13 7 

« Bridgtown Engi- 
neer’s wharf..... 
St. Vincent, Kingst’n 
ee Ne ee Pomt.. 
St. Lucia, N, Point. 
Martinique Mt Pelcé 

4450 feet 
“ Fort Royal...... 
Dominica, N, end... 
Guadaloupe, N. end 

“ Mt. Souffriere, 

BS00} feet terials 
Deseada, N. end.... 
Antiqua, S end... .)16 59°5 

“ Fort James..{17 67 
Montserrat N. E. end} 16 59 
Redonds Isl'd centre} 16 55°5 
Nevis, Charlestown.|17 88 
St. Kitts, Mt. Misery, 

Bree ieb seca s| 10 22 
Barbuda, S. E. end.} 17 33 
St. Cruz Observat’ry| 17 445 
Anegada, W. end..|18 45 
St. Thomas, Fort 

Christian... .....| 18 204 
Porto Rico, Cape St. 

WONH Wa sey ceive s| O20 
“ St. Augustine Bat- 

tery... 0 pecicsev0f 19 29 
“ Cape Mala Pasquaj 17 59 


13 42 
13 13 
13 18 
14 5 


14 48 
14 36 
15 38 
16 31 


16 5 
16 20 


Coast of California. 
St. Diego Pt. Loma] 32 388 [117 147 


Selected on account of their height (which is given in this Tab'e) or other. remarkable appearance, with the view 
of their being readily identified by the Navigator when in sight, for the purpose of verifying or Rating his Chro- 
nometer, from time to time during the voyage. (See method of doing this ut page 155). 


The fractional parts of Minutes of Latitrde 


and Longitude are given in tenths, which multiplied by six, will produce Seconds, 


poe We NAMES OF PLACES. a + ci ve 
90 0 | Mona Island, E. Pt..)18 5 |67 £9 
90 57 [St. Domingo, Cape 
93 49 TQNGANO SS 6 oe6 bee's 18 35 |68 £0 
9445 | “St. Domingo City} 18 28 [69 60 
9712 | “Cape Tiberon...)/18 22 |74 £8 
———=T Jamaica, Morant Pt. 17 56 176 31 
© Kino abODl ce /a)s.<\5 -17 53 176 46 
“ Savannah la Mer..{18 123]78 85 § 
118 38 |“ Montego Bay.....}18 294/77 56 
“ Falmouth Har F’'t) 18 30°6) 77 49 
119 47 |“ Port-Antonio.....}18 113/76 27 
120 30 | Little Cayman, East 
120 50 SIAC « 's'w clara eats 1942 |79 58 
121 55 | Grand Cayman, Fort 
121 53 CAQOTER bite o's « oie es 19 17-7} 81 23:5 
122 59 |Cuba, St. Jago De 
Guba. secdeecle 1 £9 SSO ETS SOE 
122 285)* Tarquina P’k., 10- 
MOU LU cele hie iie «=| 20.8. |e 
121 54°5}-* Cape Cruz.......{19 504) 77 45 
124 32 | Manzanillo........)/20 20 | 77 20 
124.17 |* Isle of Pines, Ca- 
belloeiaee dacs <-(2l 50. 18a ao 
LIA LE ESOS aL UI bie eS o'. 2137 |83.13 
124 5 | Cape St. Antonio.|21 515184 57°2 
123.49 |“ Mt. of Guagibon 
l24 3 2552 feet high...)22 48 | 83 24 
“ Havana, the More| 23 94/82 22 
124 7% 1 Pan of Mantanzas 
1277 feet......./23 19 | 81 45 
“ Matanzas......./23 3 |81 40 
12446 | Turks Island, N. end) 21 32 |71 10 
North Caycos, centre) 2156 |72 0 
Great Heneaga, N. 
Bends ace ose) S20. PTS 0 
60 59 | Little Heneaga, 1. 
60 54 Pointe ee sek SN Oa ie Bo 
60 27 [Crooked Isl. S. Point}22 7 | 74 21 
6145 | Rum Key, S. Point.|23 37 | 74 50 
59 80 [St Salvador, E. Pt., 
_| Land. p.ofColumb]/24 8 [75 17 
5937 |New Prov. Nassau 
61 15 L. House.......)25 56 |77 212 | 
6120 | Andros Isl, N. end.J25 4 [7757 | 
60 57 | Bemina Island, S.W. 
WOMDG Ss cst ke oD AL HLI9-20 
6110 |Little Isaac, centre.| 25 58°5|78 51°3 
6L 4 [Great Isaac, centre..26 2 |79 5 
6126 [Gun Key Light....)25 34 [79 184 
6135 |Key Lobas Beacon 
SANUS (1 eS A Le 22 22-5177 35:5 
6139 |The Hole in the 
61 12 Wall Lt. House. .|25 51:5] 77 10°6 | 
6145 [Great Bahama, W. f 
OSES Wivend se. oc eces cat 20/40 9a tae 
6212 | Bast end......../26 40 17748 
62 18°7 | Double-headed Shot 
62 42 Keys Light. .....} 23 565 | 80 265 
“Salt Key, N. Point) 23 417 | 80 25 
it re “ Anguilla Isl E. Pt}23 30 |79 32 
é Sarai Nabe Bato a a ahaa als Mk ca Peel 
6441 Coast of Mexico. 
6421 /Tampico, N. Point. .)22 155/97 46 
Cape-Roxo. .......|21 35° 197 17 
64 55:7 /Vera Cruz, St. Juan ; 
de Ulloa Lt.....f19 119/96 8 f 
65 36 |Ourizaba Mt. 17,400 
feat Gals is). vd IOV Os toTIEs 
€6 71 |Cofre del Perote Me 
6549 | 13.400 ft.......1929 [97 7 


Ses Position of Places, Pages 244 and 245, 


282 TARLE XXXIX. i 
k 
a ke , : - x aa 

names ov paces, | 4At N.[U0N. Wa wes op Places. Wve Co Anticosti Island. 

Port Laguna Brit. Morro «f Bareelona : : Lat. N.' Lon. WE 
Cons. tt 18 834191 50°7] City...... 0%... 10:18'5 }6140n eee ena | sa 
Campeachy.. {1950 |90383 | Cumana Fort Boea,.|10 27°6}64 11 |Heath or F. Point..}49 54 6! 45°2 § 
Sisal Fort. ....5... 21101/90 2.772t. Foleto mouths S. W. Point Light. . 44 238 64 235 
Cape Catoche N. Pt of the Oronoeo R.}10 0 |!62 18 a oR aT Cn 

Jolbog Isl. 2136 |87 6 | East Month, Crab ° Coast. 
De Island, N. pt....1 842 |60 55 M: Point./48 12) }64 4 
Islands in Guli of Mexico, | ——"o—/2~- Ginieite Be re tn 
Triangles, 3 ists, E. Guiana. a HeLa, ss PO 18 1 165 16 
IG Sak Caen he» 20 549/92 13) | Demarara Bar bea} 658 | 48 14 | Dalhousie Island... | «8 44/66 22-9 
Alacranes, N. Pt...)22 85 {8949 [George Town Light] 6 494158 115 | Mir: umichi, Portage 
Half Moon Key Tet. L127 Sites Berbice R, Crab Isl} 6 21 157 88 Island, N. Putci 4714 [65 2 
7.4 7 River Surinam, Fort Pt Reenmienne light 47 5 |64 46 
Britisa Honduras. Amsterdam..... 548 |55 9 |Richibucto Harbor 
Belize, Ft StGeorge| 17 2931735 120 | Paramaribo Ch... .. 5 44:3 155 13 icniree es 2 Ge 4642 164 51 
Cockseomb Mt. 4000 Cayenne Fort..... 4565/52 20 [Fort Moncktin..../46 3 [64 4 
feet ... Le teeeee 1648 |83 38 [Cape Cachipour, N, Cape Gaspé....... 48 45-2 64 10 
Omon, St. Fernando . Be rpnint (60.3 ae 346 |51 3 |St. Anne’s Mounts 
Fort...5 9 ++-{15 47 |88 3 [Cape North, ent. to N. E. one 8973 ft.) 48 52 | 66 49 
Saddle Hill, 1760 ft}15 45 |79 58 the Riv. Amazon.|1 42 149 48 Cape Chatte extre-| 
Cangrijo Pix. 80.40 ; mT MT (05 a eae ee 49\.6 |66 46 
feet. pega he 15 38 86 53 River Amazon. Wolfe and Montealin 
Truxillo Port. ...../ 15 55°71 85 69°5 Bailque Isl, N. pt.. 1 4 {49 56 Monuments... .. 46 48°6 | | "1135 
Cape Honsluras....116 2 186 4 FM: acapa Fort eure 0 08/51 2 [Quebee, NE. bastion|46 40171 13°7 
—- Mexi: ina Isl. EB. 1 oe Oe 49 19 = 


Coast of Honduras. 
Poit Royal harbor.| 16 243) 86 192 


——— ee 


Newfoundland. 
148329 15916 § 


Coast of New Brunswick. GiisSc Goa el 
Cape St. George... 


Bonacco Isl’. Sum. St. Andrews, S. Pt. C: Anguil 47 5: O 9 
1200 teats oon Sh oe tad ae 45 42/67 8 [Gabe Ray, S. Mint oe 
Poyas Pk. 38700 ft. C. Lapreau Lights..145 87166 27 ; : oar 
tremily sco. %. 4727 15918 
12 m.iuland..... 15 44 |8156 [St. Johns, Partridge Miquelon, Mt. Cal- 
C. Gracias a Dios..!1459 |83 11 Island Light.....145 141/66 85 vaire at N.W. Ptd4767—«1 56 25 
~* ‘Mousquito Coast, _—'| Cape Spencer....../45 12 16555 |gt Pierre led $F ; 
Mousjuito Coast. Cape Enrage Ti ivhit. 45 32 | 64 46 Point. .... sf vi 4645 15619 
Caxones or Hobbies! Annapolis harb. Pt, _ ,_ | Placentia Har.enst!e]47 15 54 4 
E. Pt..... ¢....j16 8 |83 6 Prim. se... .00 6. 44.41 165 45 rads Pine Light... .146 37 | 58 36 
Eee gh Isl ‘ ny ere ete Br yer's Isl. Light. ./44 16 pp ORae Cape Raee....... 4640 |53 7 
. W. cove...... 2 St. John’s Livht on 
See W. Pio | A sae Searcy aioe ee South Head..... 47 336152 43 
“(Bl athie iy pee 593183 41° eal Is pt. Light/43 24 Trinity Harbor, Hog 
San Juan de Nieara-| _ C. Sable, S. E. pt... 43 24 Nose 2d0) eae : 48 21 |53 24 
gua,or Grey Town} 1055 = |83 48 Shelburne Har. S. E. Cape Bonavista Gull 
PRES GR RL ae pt. M Nut Isl. L'ts}43 37-5165 15 Island Light.....}48 42 °|53 8 
Gautemala, N. E. Coast. Sambro Isl. Light. 44 263|63 33 [Cape Bauld....... 5138 ,55 94 
Point Arenas. .....{10 567] 83 422 Tae nines Yard Tae Belle Isle, N. E. Pt}52. 1 15517 
Mt. Cartago, 11,100 AOE 63 355 
fonts cee 10 2 [8348 [Cranberry Isl. Light 45.20 | 6056 Cape Farewell. . oe 49 {43 54 
High Pk., 5251 ft.. 6 Cape Canso..... -|'9 18 16956 [Staten hock. ......1 5: Buy $40 39 
Ba S. 3 W. fous Gut of Canso, N. W. THe De LLIR Ee e ray 
Buppan Buf. ; 8 49°71 81 380 entr. Light sh eetenene 45 418/61 29°5 eres) 
SEE =] Cape St. George... .145 52 161 52 ReMIAVMET Ag a,t os Gt S441 559 § 
Isth. of Panama, N. Coast. | Pictou Har. Light. ./ 45 41°5 62 402] Mt. Heckla, 6364 ft163 58 19 41 f 
ee er: Loren- Rich flrs: Cape Breton Island. Faroe Isiands. 
Pate Bello, Rovile VAST) TO BOAT St. Lawrence..../47 2 [v0 88 | Fugloe Island, & Ptle220 1613” | 
noes 9 325179 38.5 Port Hood. Just au Monk Rock..... {6120 1 641 § 
Ae Hr ite tasting He Corps Islan ieee Lahr. | MuBG uh cage 7 re 
Cape Tiberun seer ae ak hee ee ye Shetland Islands, 
eee —————| Cape Hitchenbroke.|45 34 | 60 42 eliand Jsiant 
New Granada. Louisburg ........ 4553 [60 0 | Fitful Head, 929 ft/59 54) 7 94 
ane : Pere ere Seats ary Island N. E, Fugloe Skerry... .| 60 Bia | 1 45 
mba teeetiayy a is . yi i. Point Light,..../46 2 15941 |Balta Island, 8. endl eo 44-4! q 477 § 
Pt. Gallinas ; 119 95 71 44 Sidney Harhar Lt ./46 16 {60 8 | Noss Heal, 577 feetl60 83] 1 065 
Mar aa ba bee Gnuhiies 7141 |Cape North....... 47° 3 (60.25 | Lerwick Fort. ..:. 60 94) 1 87 
Toate m, up the = te Paul's, N. pt.lt..J47 14 [60 9 See ad Lt. on ue Lag 
__lake. wc eere eres 10 4t 171 40_ Magdalen Islands. a >. = I 
Coast of Venezuela. Deadman’s Island. .147 16 [62 14 rkney isiands, peta Bees 
Amherst, S. W. Pt. |47 14/62 2 |!Monl Hend ......1? 59 23 2 58 
Los Roques, 8. E. pt. Entry Island...... 47174 61 43°) Noup Head) oon 59 20 3 40 
Light. .......,. 1148 (6633 [Cross Island, E. Pt. 47 48 N. Ronaldsay Island. 
Porto Cabello. ....'10 29° 4/68 0 Bird Islands E. one. Ee Péintore ose 59 23 2 24 
"ei a) ooh | ssorS. pt}]59 20 | 2 26 
Caraceas, __Prince Edward’s Island. [cert Tene 19 tool 2.29 
Caraccas, 3000 feet. Cuarlotte Town, frt| Stronsa Isl'd, Lamb 
7m inland...... Gborze. 2%, tae? 4614 /63 7 Head to. 7) ride 59 49! 9 892 
Pk. or Silla de Ca. : “ East Point... -++ 946 27/6158 |Stromness Church.|58 578] 3 174 
raceas, 5 m. inland) 10 32 [6650 |“ North Cape.....[47 4 [64 1 | Kirkwall Light....J58 592] 2572 1 


NAMES OF PLACES, 


Syke Head... ec... 
Roekal, centre..... 
St. Kilda, pk. 1220 ft. 
Fiannen Isld, N. W. 

extremity 


58 44°3 
57 36 
57 49 


Rona Island, S. E. 
summit, 860 feet | 59 cm 
Hebrides. 
Butt of Lewis... ..[58 31 
Stornaway Lt. house; 58 11° 
Shiant Isl’ds, N. W. 

‘Oe ae 157 83 
Glass Tatnid: Bs ht. 57 52 
S. Uist, East Point. 5713 
Barra Had. Lt. 680 ft.) 56 47:1 
PentPnd Skers ‘jes Its.) 5S 41°2 


Duneansby Head. .[58 By 
Dunnit lid. It. 846 ft.) 58 40°4 
EURMGD age cfs. sie. 0:0" 58 33 
Cape Wrath Light 

400 Pert. ....2 0. 58 375 
en Bie A hls 402%) 5 57 39 

apna Ishind, W. Pt}57 4 
Rum Island, S. Pt..| 56 56 
Muek Island, W. end} 506 49 


Tivey Islaud, S. end) 57 27 
Skerryvore Lt. 150) 

oo. 2a 56 164 
Ben More, 8168 feet} 56 255 
Isle of Mall, N. W. 


_end 56 86 


56 48 
56 48 
56 27 
> 259 
40) 
20 
25 
51°9 
569 
4°6 
337 
256 


Ben Nevis. 4308 see 
Fort Williani...... 
Lismore Isl Lt. 96 fi 
Oban Free Church... 
Rhiuns of Isla Light 
Muil of Cantire Lr... 
Campbelton Light.. 
Glasgow N. beers 
Greenock Spire... 
Cambree Light.... 
Ardrossan Lizhts.. 
Pladda Lights a 
Ailsa Craig suminit 
TUDER TEE se. wee |) 00 
Corsewall Pt. Light) 55 
Mall of Galloway Lt 34 88°1 
Mary Port, 8. Pier.) 54 438 
Workington Lights.| 54 38°9 
Whitehaven Lights [54 33°2 
PSt. Bees Head light, 
50) 4 or 54 30°8 


Isle of Man. 


St Or Or Or 
or or Gr Gt Gi nr S. 


Dr Or 


Sr Ur 


on 
or vi 


1y2 
Ud 


Peel Light..... 
AN. Pt. Ayr Pt. light) 54 25 
f Douglas Light.....)/5£ 9 
ult rot of Man | Lights. 15 54 32 


Blagi Comb, ful 54 155 
1 Walney Isl. Spt. It}54 29 
Yrosby Light ...../53 31 
Liverpool Observa- 

DOPY occ e.c sees 


Bell Beaeon. .|53 31°2 


Formby Light. . ey | 
N. W. ‘Light vessel .|53 27-4 
| 53 


Point of Air Light.. 


Lat. N.!Lon. W. 
° / e , 


North Coast of Scotland. 


West Coast of Scotland. 


en, 


W. Coast or England. 


--193 248} 3 00 


219 | 


TABLE XXXIX. 


Coast of Wales. 


2 555 4. bare Nel loseW: 
13 41 NAMES OF PLACES. | 0 |, at y 
8 34°77] Great Orme’s Head, 
signal staff...... 53 20 3 51:2 
727 | Point Lynas Light..| 53 25 1 142 
~ [Skerries Light....|/53 253] 4 386% 
5 485} Holyhead Light...}53 20 | 4 37 
S. Stack Light..... 53 183] 442 
Caernarvon Light. .|53 85| 4 247 
614 | Bardsey Island Lt..)52 45 | 4 48 
G 22°29 Snowdon, 3580 feet|d3 41) 4 45 
~~~ |Cardigan Isl’'d sum- 
Se 7 AT i eee 52 79) 441° 
6 33 |Seuth Bishop Light.|51 514) 5 245 
71, | Smalls Rocks light.|51 433) 5 40 
7 39-9 | Pembroke Dockyard 
” 55 N. W. corner... .{51 418} 4 572 
Milford Chureh....J51 427] 5 15 
St. Ann’s Lights...}51 41 5 105 
Caldy IsPd.S. pt. 1t}51 879] 4 41 
38 1 | Worms Head..... 51 384 4 20 
3 212] Swansea Pier Light) 51 37 3 56 
381 | Mumbles Light... ./51 34 3 58°2 
Cardiff Custom H..} 51 286}; 8 10 
459 | Newport, Usk Light}51 3824) 2 697 
618 | Bristol Cathedral. .)51 268 | 2 35° 
6 384 | Flatholm [s?d light}/5l 226] 3 7 
623 | Bideford or Braun- 
619 bone biclite <2". 51 45 
656 | Lundy Isl'd Lights.}51 101 


Padstow Churech...|50 325 


7 65) Trevose Head lights) 50 33 g 
6.07 St. Ives Steeple. ...)50 128] 5 265 
Cape Cornwall... 5) TT] 5 42°5 
Scilly Tslands. 
St. Marys flag statf. 49 55 6 19 
5 0 joaint Martins me 
5 5 Mark. ee ee . 49 58 6 16 
5 36 [St Agnes Light jee 49 536] 6 | 6 20°7 
pea | South Coast of England. 
549 |Seven Stones hght 
5 Bad weasel ow cuss 150 8 Cain 
416 | Longships Light...J50 41) 5447 
4 45-2] Wolf Rock Lt. to be/49 56-7] 5 48-2 
4 597] Penzance Lt. Pier..J50 T1] 5 315 
4 505] Lizard Lights..... 49 577] 5 12 
5 7 |Falmouth, Penden- 
nis Castle..°...../50 88] 5 2-7 
5 4 |* St. Anthony light}dd 83) 5 1 
5 9:5} Deadman sum., 379 
45611 1opGIS Reise 50 13 4 48 
3 305 | Rame Head......./50 19 418 
3 845 | Plymouth Breaks 1- 
3457] ter, W. end Light|50 203) 4 95 
Bolt Head f ig staff}50 13:2] 3 48°7 
Start Point Light. .]50 134] 3 38 
+ Dartmouth Lig t../50 21 3 33 
Berry Hd. flag staff) 50 24 3 28 
Torquay... Beek Gre) 3 30 
442° | Porthind Lights. .../50 31-4] 2967 
422 St. Albans Head. ...|50 35 Tome 
4 28 
4 50 Isle of Wight. 
Needles Light..... 50 399] 1 34 
St. Catherine’s pt. 1t/50 345] 1 18 
3 195]Cowes Castle..... 50 46 177 
3 10°5 
3 4 | Hurst Lights...... 50 42°41 327 
Southampton, Saint 
Michael’s Spire. .|50 54 1 24:2 
3155] Portsmouth, R. N. 
3 95 College.. ...|50 48 1276:2 
3 177 | Ower’s Light > vesse ‘el 50 40 0 40 


8 19:0 Bughie Pier Light 50 cab 


0 8 


NAMES OF PLACES. 


Beachy Head Light 
Dungeness Light... 
Dover Castle Light. 
S. Foreland Lights. 
S. Sand Hd. Lt. ves- 
sel Goodwin sands 
N. Sand Lt. vessel 
Sandown Cas. center 
Ramsgate Pier light 
N. Foreland Light. 
Margate Light.. 
Nore Light vessel. . 


Chatham Dockyard 


Sheerness flag staff 


Greenwich Observa- 


LORY. jaiec oft Bake g 
London, St. Paul's 
Cathedral. ..... 


Mouse Light vessel. 


51 31:8 


Swin Middle Lt. ves.) 51 89 


Sunk Light vessel. . 
Kentish IXnock... 


51 46-7 


| dL 397 


Shipwash Lt. vessel] 52 1-5 


Galloper Lt. vessel 
Harwich Lights... 
Orfordness Lights. . 


| 


51 45 
51 566 
5% 4°8 


2| Aldborough Steeple| 52 9-2 


Pakefield Light... 
Lowestoft Lights... 
Yarmouth Spire .. 
Winterton Light... 
Hasborough Lights 
Cromer sight..... 


und Owe 
vessel... 


Leman 
Light 


Dudgeon light versel 


SENDS ASD 
38 1D 

-|53 34 
53 34°7 
53 446 


Spuiu Light vessel 
Spurn Lights..... 


Hull Citadel 


eoreee 


Flamborough Hd. It. 


Searborough Light. 
Whitby Light..... 
Redear Chureh.... 


Hai tle spool Pier Its 


Sunder land, N. Pier 


Newe’ stle Bridge, N 
CNC. oles ‘ 

Tynemouth Light. 

Co quet Island Lig r 


Cheviot Hill, 2658 f1. 


Longstone Light... 


Farne Island Lights 


Holy Island Castle. 


52 262 
52 298 
52 368 
52 43 

52 49-4 
52557 


54 7 
54.17 
54 29% 
54 369 
54 41°8 


54 54°5 


| 9+ 58°97 
ou nits 
bd 2] 
55 29 

55 38°7 
55 37 

5d 40-2 


Berwick Light... .. 55 46 2 


East Coast of Ecotland. 


St. Abb’s Head, 

nalsstatts fos 
Dunbar Chureh ... 
Bass Rock, centre... 
Inch Keith Light... 
Edinburgh Observa 

tory 
Leith Pier Lights. . 
May Island Light. 
Bell Rock Light... 
Dundee Lights... 
Buddoness Lights. 
Montrose Lights... 
Girdleness Lights. A 
Aberdeen Lights. s 


sig- 
155 


55 
599 
47 
56. 2 


l 
1 
l 
2 
1 
1 
1 « 


2 


tS tO tS tS 29 3 


tS te. 


te 


tl 


- 
~~ 


2. = 
“ 


{> Or 


ty Dd orto 
ers DW Or=1 ss 
oe rans <r 


* ff Elsineur, 


23-4 


NAMES OF PLACES, ° 


57 28 
57 30'1 
57 41°7 
(57 42°71 
57 41 
Bs Ae 


Buchanness Light. . 
Pet’rl’ad, Keith Inch 
Kinnaird’s Head Lt. 
Burgh Island... 

| Cromar ‘ty Point Lt. 
Tarbetness Light... 
Noss Head Genes 


Shores of. ano 


E 
. 


Dunkirk Light... .]5 
‘Ostend Lights 
Antwerp Cathedral 

§ Biielle Church... 

B Rotterdam Chureh. 
Hague, S. James Ch. 
Texel Island W. Pt 
Haarlem, Great Ch. 

tower: 


aera I Tel’ d Lt 


> De OLY 
bh 


H> He oe He He bo LO 
ee roe me Oro 
wo © 

“TO 


ew 
PCuxnaven Light...| 55 53°7 
| Altona Observatory} 53 32°7 
} The Skaw Pt. Light! 57 43°8 
J Trindelen Let. vessel 

Anholt Island, E. Pt. 
Lig it.. “ee 
Kronborg 
Light. oeias 
I Copenhagen ‘Obser- 
BACON Flare aitre s 0 in 


Shores of F the Baltic. 


} Moen Isl'd, E. Pt. Lt) 54 57 
Kiel Observatory. .| 54 19°5 
Lubeck, St. Mary’s 
Chireh <i. estas 
Wismar, St, Mary's) 
f= Chureb... 
ROSt@Oks sisincters « ab” 
} Rugan Island, E. Pt. 
y Swinemiiade Light. 
i Stettin. . Ae 
f Dantzig Observ atry 
4 Pillau “Light. 
Memel Light. . latasiave 
} Lyserort. aes 
Domesness Lights. . 
1 Riga Lights....... 
# Pernau, German Ch. 
Dagerort Ligh’... 
| Nargen Island Light 
| Revel, two Lights.. 
4 Kikholm Light..... 
Rothskar Island Lt 
Hogland, two Lights 
PTolbouklin Light. . 
Kronstalt Cath.... 
St. Petersburg Ob- 
servatory . -159 565 
| Wiborg... 60 42°7 
Sommers Isl’d Lt’s. 60 12-4 
pe ae Obs’rva- 
tory. ar 
Sveuborg. . 


erece 


~] 

os 
Ste 
oO 


oe ome ome sore | 
— 


aS 
— 


to co Orn Oe 
OO Ore tT by 


Ov Or Or Or Ot Or Gr Or 
oe 
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60 26]: 
59 597 


60 97 
e eaheneta et ORs 
Ronskar’ Light. eee] 59 56 
--| 59 50:5 
Stockholm Observa- 
Rs eee 
Gronskiir Light. . 
Gothland, Ss. Paint. 
Oland, N. Hd. Light 
Carlscrona. ....... 
} Eartholins, N. Pt. Lt. 


eeeee 


1 59 20°6 
5917 
56 552 

57 22 
566 9.7 | 
5519 * 


eercee 


15 12 


Juar. N.| Lox. W. 
/ ° 


N orth Sea. 


TABLE XXXIX. 


Lat. N.| Lon. E. 


NAMES OF PLACES, ovay Ob nk 


Bornholm, N. Pt. Lt} 55 17:7|14 46 
: S. Point.|54 59 {15 5 
Falsterbo Light...|55 23 |12 49:2 
Helsingborg Lt... ./56 27/19 492 
Warberg Castle. . 57 64/12 14:5 
Niddingen two L’s.|57 182/11 543 


Coast of Norway. 


Wingo Light......{57 38 [11 86-2 
Gottenburg........]57 41:3} 11 545 
Christiania, New Ob- 

Sel'vatory 
Flekkero Island...|58 
Naze Light 


Bergen. ‘ 

Christinusynd Licht 63.4 
Rost Islands, midc dle} 67 381 
Haninertese Church] 70 40 

N. Cape of Enurope.| 71 1031: 


White Sea. 


Orlovsk Light 

Onega, St. Michael’s 
Chureh.. . «22163 563'6 

Archangel, Trinity 
Churelisoivc. ho ok 64 

Moudiuga Isl’d, left 
entr’nee R. Dvinal 64 55°8 


32'1 


40 33°5 


40 16°2 


West Coast of ireland. 
‘| Gravelines Light. . . 


Cape Clear Light. . 
Fastnet Rk. It. to be 
Mizen Head...... 
Bear Island, summit! 
Roanharrick IsVd It. 
Skellig’s Lights... .}5 
Brea Head.... 
Valentia Fort Light 
Great Blaskett Ny pt. 
Kerry Head, River 
Shannon. . : 

Tarbert Light. Mees 
Loup Head Light. . 
S. Arran Isl’d, sum- 


g § 
Slyne Head Lights. 
Newport... 
Achil Hd. ' 
Eagle Island Lights| 6-4 17 
Downpatrick Head] 54 20 


N. W. Coast 
Sligo Bridge 
Tillen Head 1415 fi. 
summit 
Bloody Farlnd 1059 
feet... 
Tory Island ‘Light. 
Fannet Point Light. 
Innistrahul Light... 
Innishowen Hd. It's. 


eeee 


2299 ft. 


ot mt tet od 


54 16 8 28 


-| 54 20 


6d" 82 
55 16°5 
55 166 
55 259 
55 138 


Londonderry Bridge] 54 596 
Port Rush Pier....}55 124 
Giant’s Causeway pt) 55 147 
Rachlin Isl'd It. to be} 55 17.6 
Knocklayd Mt. 1690 

97 
Maiden Racks lights 54 558 
Belfast Spire. ......|54 36'4 


Howth Bailey light.; 


9 | Roche Point Light.) 51 


of jreland. 


Fok 
NAMES OF PLACES. web} rie ME 
Divis Mt. 1800 feet. 
Copeland Lights... 
Slieve Donard 2796) 
feet... 
Lambay ve Vani sum. 153.29.6 | 29.6 | 


E. Coast of Jreland. 


53 21-7 
a 23°2 | 
3819 


Dublin Obser vatel y 
Kish Light vessel. . 
Great Sugar Toate 
1651 feet 9°92 
Wicklow Hd. Lights! 52 57-9 
Arklow Light vessel] 52 42 
W’xford, Rosslare pt/ 52 10°9 
Tuskar Rock Light.| 52 12-1 


Salte eS Light veuae 52 28 
52 


8. E. ror, or Tae 


Duncannon Fort It’s! 52. 17-7 
47% 
53°8 
AD] 


Cork Custom Hotiee 51 

Barry Head 

Kinsale, Old Head 
Light... ° 

Galley Hen. Ss Yt. 318 

Baltimore 29 


N. W. Coast of France. 


to Nw = © 


tw 7 to oo NS 


Omos: 


386% 


iodo oiae 2) 
to Oo co 


51 
Calais Light...... 50 
Cape Grisnez Ligh} 50 


0.3 
|76 


52-9 


9 | Boulogne Lt’s N, E 


~ 
- 


= 


oO Oe wT Or or 
TO -s-Tis-TWwe 


.| 50 
Dieppe, W. Jetty Lt} 49 
Cape Ailly Light. . se 
Cape de la Heve It's} 49 30°7 
Havre, N. Jetty Lt. 3 29'3 
Paris aaa 48 502 
Honfleur Lights. ..|49 255 


43°9 
56 
55°] 


owocorK- 
— 1D qr 


= 


La Hougue Lights. .| 49 84:3 
Cherbourg Church.| 49 386 
49 534 


Cape La Hague Lt. 


Channel Islands. 


Alderney, St. Aune’s 
Chureh. ........|49 42°9 

Caskets Liglits..../49 484 

Guernsey, Jerbourg 
Tower, 390 feet 

“ Doyle Fort, NE 
Poiné. $2 

Jersey, St. Helier’s 
Lights . (49 11°38 

“ §. E. Pt. Seymour 
Towarlge seo ce 149 94 


W. Coast of France. 


Cape Carteret Light] 49 22-4 
St. Malo Light... .|48 39 
Cape Fr nebvel | sun. It. 48 411 
Morlaix Lights.....|48 382 
Ushant Light 

Brest Observatory 
Penmare’h Rocks Lt 


49 25: 


om » 
See te = o- 
WW 0d nw 


moO Rh mente po 1d 


aInwnrr 
Sew eo 


pat Saint Nazaite! ' 
Mole Light. mA 

Rochelle Lt. Taweik 7 
Rochford Hospital | 4 


2 
1 
0 57° 

; } Bordeaux, St. André 44 5051 0 34 


ies 


North Coast of Spain. 


Lat. N.|Lon W, 
NAMES OF PLACES. ees alse 
gSt. Sebistian Light.}43 192] 2 05 
1 Cape Villano. J... .{43 27 2 58 
t Bilbao, St. Nich. Chj43 15°8| 2 54 
, Santona Mt. summit}43 275] 3 26 


4 Santander mole It’s.|43 279 | 3 48°7 
Cape Blanco...... 43 35 6 47 

4 Island Pancha, West 

j oextremity........,48 847] 6 59°2 

Cape Durela...... 4342 | 7 21 


|Cape Vares summit} 43 


} Cape Urtezal tower}43 45°2| 7 56 
T Ferrole Mole...... A525) 8 12°7 
i Coruna, St. Antonia 
Castle. . AS 25 18/227 
Cape Finisters reli: tht 
¥ tu be.. age 52 54 9 15 
Mt. has: 787 fue ee? 44 9 44 


A Viana Fort, St. Jas 
f 0 Light to be... At 42°6 


Coast of euPortugal. 


Mt. Ornellas, high. .| 40 50 ie | 
: Oporto Fort, St.John) 41 88] 8 37-2 
4 Pert, cece (tl HL 8 375 
| Cantaros Mt.summit 
6260. feet. ...... 40 19 7 38 
Cape Mondego light 
SOY cle es atest HM Lo 8 54 
F Figneira Light tu be) 4010 | 8 51 


f Burling’s Light....139 25 | 9 30°7 

f Cape Roea Lt. 598 ft.) 38 46 

4 Mt. Cintra summit, 

i 1720 feet. 38 472 
St. Julim Fort light 38 4U'3 

| Lisbon, Marine Ob- 


Servatlory. si... 38 424) 9 8:2 
Cape Espichel Light 
BOT Taube... 138 24-91 918 


Sedlubal Light, 49)| 
DU. Ch ais .|38 289} 8 53 
f Monchique Mount’ns 
# summit 3830 feet, ¢ 
p Cape St. Vincent Lt] 37 29 


9 0:0 
f Cape Sta. Maria Lt) 36 56 7 46 
f Mount Figo, 2000 ft} 3710 | 7 42 
Cadiz New Obs'rt’ry| 36 27°7 | 6 12 
1 C. Trafalgar Tower.| 36 10 6 1 
3600 5 36 


Q Tarifa Light. 


N. W. Coast of Africa. 


r Cape Spartel W. Pt) 35 48 5 5d 


| Mt. Habile, 3000 ft..] 35 28 5 43 
msallee...... eb slnta epee LEO 
N. C. Blanes, 170 ft}338 8 8 38 
¥ Mogador, . weestol- oO 129469 
C. Chir, 1235 ft. pt) 30 88 9 50 
Mt. Sum. East of C. 
Giiir, 4400 feet...) 30 39 9 338 
& Fogo Pk., 2970 ft...;29 11 |10 6 
1C. Bajador, W. pt...J26 7 |14 29 
Down of Cintra on 
$ = pkd sand bill... i 23. 5 |16 10 
‘B Senegal Lt........ 16 08/16 33 
HO. Verd, extreme.. .114 43:1 ]17 34 
AR. Gambia B urst 
9 flag-staff.. OF... .113 28 [16 35 


@M. Kakulimah, 2900 
n 6 feet... steer areas 


Gulf of Guinea. 


§C. Sterra Leone Lt..| 8 2 


13 28 


13 18 


Freetown N, Battery} 8 29°9 13 14°5 
(13 11-7 
‘11 21 


8 8 
6 43 


4@ Bananas Is’l Gov. ho 
$C. Mount Pk. 1060 ft. 


Liberia. 


NAMES OF PLACES. 
C. Mesurada Lt..... 


TABLE XXXIX. 


| Lat. N. |Loy. W 
Listen gat ROO § 
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NAMES OF PLACES, 


| Madeira, E. Pt... .] 382 43-4116 39°5 
Funchal, B.Cons’lateh82 87°7 | 16 54:7 
Pico Ruivo, 6100 ft.| 82 45 16 57 
W. End or Pargo pt. é 248 (1717 
Great Salvage W.S Igo 75 115 512 
Great Piton sum.. 30 1 ton 0 
Alegranza, 8S. W, 
sun. 939 ft... : 29 233 [18 81°5 


Gracevusa, S. W. Pt..| 29 12°7 |18 32 


Lanzarote, N. W, Pt. VP 27 718 48 
“ Spt. [28 5u 113 47 
Fuerteventura, N.W. 
POMWe iC Ue een 28 42 14 1 
“ Port Cabras,.... 38-29 113 507 
“S$. Pt.or Pt.Jandial28 8 [14 31 
Canary islands. 
Grand Canary, N, 7K 
Wa Phd eee ot 28 96 115 43:2 
“ Palmas mole head] 28 7 15 25 
sie CC TAT BY ed pgromwleel Bs 27 43°8 | 15 8t 
“ Tsleta sum. 847 ft}z8 10 | 15 2595 
Tenerife Isl'd., N. Pt. 
Anaga Rk....... 2836516 85 
“Santa Cruz, Biit. 
Consulate... ....../28 282/16 147 
w SO PRO EL & ieapyen 28 U0 16 412 
© Peak 12A72 ft. .123 16'S | 16.39 
“ W. extremity... ./28 205 | 16 55 
|; Gomera W. Pt. sum. 
TOG ates 6. | LRIss 
Ferro W. extr. (or 
Merid. of Ferro). .} 27 425 |18 9:7 
Palmay Net. ces OLS LLt.0o 5 


“Santa Cruz, Iort 

Sau Miguel....../28 40%5 
WOrvouN bt oi te 39 43°5 
Flores, N. Extr..../ 39 316 
38 35°6 | 28 5U5 


Azores Islands. 


619 (|10 590 
Monrovia Gov't. ho..| 6 19°1 | 10 49 
Marshall Agts. ho. .} .6 81)10.22°7 
Grand Bassa Amer. 
Agent’s ho.......] 5541/10 4 
Grain Coast. 
Trade OWN. pets 5 44 9 54 
Mt. ‘lobueco, 8380 ft .} 5 47 9 44 
DiS OMcUbe Scene fioele (oleae us 
King William Taw 7 
Kur p. Factories..| 4 49 8 48 
Cape Palmas Lt...) 4 22°1 | 7 44:2 
Ivory Coast. 
Oval Mto1S135 ft.) 4 57 6 48 
King George Tuwn.| 4 58 6 38 
Co Palinuaiee as cessor k & 431 
Axim, Dutch Ft...) 4523] 2 147 
C. Three Pts. S. ex- 
tremity..........) 44471 2 5:7 
Gold Coast. 
Dix Cove Fort.....) 4478 | 1 567 
Elmina, Dutch Ft..| 5 48] 1 22-2 
C. Coast Castle Lt..} 5 54] 1 13:7 
Camel’s Hump, 1200 
POCI ra renee hie ey 537 $ 081 
* Bight of Benin. 
N OF 
R. Volta W. Pt. ent.| 5 46 0 41-2 
Quitta, Danish Ft...) 5 55 0 497 
Wihydah Flag-staff..} 6 18 2 5 
R. Quorra, or Niger 
APE eerie. oe 417 Gin 
New Osisbur is eine 
AA ole ee hae 4 23 od 
Bonny R. entr. E. pty 4 23 7,8 
Old Calebar, Tom 
Shots P62 5-0: 2.) 14 36 8 19 
Mt. Cameroons, 1376 
FeGti tea aos ected LS 9 12 
C. Cameroons...... 3 55 9 30 
Rumby Mont’s sum. 4 57 918 
The Mitre, 3940 ft. 
SUAS cat aake ee 1 20 9 57 
Gabgon KR. 5. pt. ent} 0 22 9 23 
King George Tower.| 0 8 9 44 


Islands in the Bight of Biafra, 


Fernando Po, C. Bual- 


len, or N.Pt.. 3s. 3-48 8 43 
~ Penk, 107TLOML. <.7'3 35 8 47 
* S. Pt.orC. Barrow) 3 13 8 43 
“ Clarence Cy. Ade 
laide Isle.. 8 46 8 475 
Princes Isl’d Ft. ‘Stas 
Hs VANE Se 139°5| 7265 
“ Diamond Ris, ‘off 
N.E. Pt. large one} 1407 | 7 27:7 
“ Brothers, 2 Isl ds. 
S. one. .... 1 211 7 175 
St. Thomas Talagud, 
Sum. 7020 ft.....] 0147] 6 33 
Tha das Rollas off S. 
NAb ee eel 0.53. 6.40 
Annobona, N, Pt....| 1 243] 5 882 
“ S. extr. rock off... 1286] 5 36°7 


Islands in the N. Atlantic 


Ocean.—Madeira. 
N, W. 
Desertas sm. 1610 ft| 32 31°3 | 16 30°77 


Pico Peak, 8400 [t..| 83 23 25 
St. George, S. E. end.) 88 325 4 46°7 
Graciusa, W. Pt..../39 424238 47 
Tercera sum, 8495 ft] 38 45°53 | 27 1U%d 
St. Michael, KE. Pt...)37 483 )/25 82 
“ Delgada Lt....|37 442 | 25 40°7 
“ W. Pt. or Pt. Fer- 
ety 4 AP ie Si B17 128 62:2 
S. Mary sum. 1660 ft! 36 585125 62. 
Cape Verd Islands. 
St. Antonio, N.Pt...,17 12° 125 5:7 
EVV OPE Cat k's ieee) Sigh Dibee 40 Boers 
“Summit 7400 ft.) 17 4 | 25 17 
“S, Pt. eee] 16 547125 185 
2 SOD ig A Ware Lule Doe teos 
St. Vineent, S. Pt...) 1647 | 24 59 
St. Lucia, N. Pt.....)1649 | 2447 
Bianea, N. Pt......,/ 1641 [v4 415 
St. Nichulas, N. Pt..}16 42 | 24 20°5 
“ A KE. Pt.} 16 345) 24 0 
‘ Se Sec Pi A628 (2h 18:5 
“ W. Pt [16 377 | v4 269 
Sal, N. Pé.. 16 51 [22 55 
: Martinez 'Benle 
LSA fee ee 1649 |22 56 
“ South Pt. et [tet Of22 57 
Bonavista, N. Pt...)16 14 [22 57 
s Ss. Vt... 115.57 122.495 
‘s W. Pt..[16 28122 595 
Mayo; Ne Pr. 2 15 19. 423.12 


Lar. N.|Lox. W.| 
° ‘ ° v t 
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NAMES OF PLACES, 


° 


Lat. N.|Lon. W. 
‘4 oye 


piepein. ee ees 


TABLOCX RICK 


S. Coast of France. 


C.Bon Tower 1176 ft 37 ie M 35 


Islands in the Med. below Cape 


| 
Mayo, S. Pt......./15 65/23 105] waxes or rraces, | 44" N-| Lon. M a a Ny Lar i 
« }nelisl ar on. N.| Lar. ( 
mae heh ea 15 83 198 1g24C- Bearn L151 fie) 42 310) Baga NAMES OF FACES Ras | 
St Jaco BE: Pt... 115 1 "23 26° |Fort Brescon Lt....|43 155 | 330 [Maritimo Is. 2376 ft 387 59°5 i ai 
Baar Oe nae »2 99-7 |Aigues Mortes Lt..| 43 32 48.1. 0. Tae 
Pt. Praya, Quail Is] 14 54 [23 80°7 ares i: 
MEY SEA tonial rk St. John page ; Sardinia. 
, 1k 19 9 OVUG a ete sie ciaeart Ueoulinn ee Let ikateracoikCiseli oats 40 F IT} 
i 7400 ft... eens 15 As oe 39 <a bab Vakore. | bashes ge Renate Uape Higari sum... 4u 599] 9 327 
West Pt. extr... [15 17:3 | 23 48 Planter Tal J > ~= |Limbarra Pk. 4331 ft}40 51 | 911 & 
“Nov Bighude Pt.l15 19 23 46 antler Isl d ELS peep 43 119 5 14 Mt. Gennargentua, 5 
Foro N. Pt...e..00f15 15] 24 21-5 [Mt St. Michael, Se- 6102 ft........./40 1 | 919 
“ Penk, 9760 ft..../14.56 | 24 20 maphore, 1341 ft.) 43 13 Mt. Seven Brothers 
Brava, W. Pt. 0... 14 40°7 | 24 45°2 rs SicieSemaphore./ 43 3°2 3186 ft........../89 185] 9 265 
UAC a Pata 1446 |24 42-7 [Poulon dinar ali ye i. C. Spartivento, 8. pt} 38 525 | 8 525 
ACh REET ETRE NG eee aphore, | 4 Cape Teulada sum. 
Bermuda islands. Pitan [sl'd. Lt. 246 ftl43, 28 725 ft.. .|38 51-9] 8 39°2 
Duek Yard Clock.. .1 32.19 64 52 fs Toro Ruck 550 ‘fees 38 51°6 8 25°2 
Wrecok hills vi. 29.0) 3216'S % 55 |— ous penne Mount Areuento, 01 
Light, 365 ft......./82 147 | 64 52 V2. Camarat Lt. 426 tt 43°12 6 4U° Oristano, 2713 ft.|39 35:7 | 8 33°5 
pve = ped abe ear hol ether = ae ae ate ade vi re : ts f Argentera sum...|40 43°7] 8 9:0 
t i Nice, St. Frances Ch} 43 42 wees TsPd. Lt. . - 441 183] 9 20° 
a ai ron 8 Islet. Pe Mala Lt. 295 fe.148 40. | 49° —— : 
Aa aye ie OoSt. Martine. 2. o: 43 48 7 33 Minorca. 
ro, or St. Pi Gr: 3100 ft.| 4: - Woo 
Mid. Rk, 60 at 0 555 129 93 Seana iat ft. rv ae d oe Mahon Mole Lt. tu Ps 1 api fie: ba | 
SS Gono 3 Lights. fag ogg] gg. [cape Cabaleria.....40 5 | 4 7 
Conste of Med. Sea.—S. Coast a Chiapa atk . oe na Marae Cape Dartueh...... 39 55 3 61 
1 t Spain. Tino Isl'd Lt. 884 ft/44 24] 9 52 Majorca i 
@Palomos Is’d..... 36. 4 § 26 | Monte Altissi or? : 
[Gitrattar Mole... )3673° | 5212] 5913 fh........./44 8 wren vied Peva../389 42 9) 327 
Europa Pt. Lt.150 36.6 (5 22 Pag vabundois 39 38 | 2.28 
a S. W. Coast of Italy | Dragonera Isl’d sum] 39 36 218 
Coast of Morocco. Pisa Leaning Tower] 48 835 [do 24 J a—cXtt_C- Salinas..[39 14 | 8 4_ 
| Centatlt.ve 0. lks 3554 518 {Leghorn Lt......../43 327) 10 177 Iviza. 
| Tangier Consuls ho. pea tae ie centre) 43 25°8 | 9 53°5 Pi aanatle 35 6481 1084 
TALS ee eR 85.472 6 48:5 |Piombino Palace. . 142 55°7 110 817 | oe ons Te ane 
ne = Mt. Argentario tele.) 42 23.7 | 11 10°5 Sekethiy ES: N. om se Oe 1 32 
S. Coast of Spain. Civita Vecchia Lt..}42 57/11 44 genres Wf 
| ot >P Rome, St. Peter’s dm] 41 541 |12 27:2 Bp Pte we. (39 O4) 114 
Esteponit. #sjshn a inins 36 25 5 9 Monte Circello, St. sa test a “‘IsPd* S. 
Sadi 8 Mt. a 2 i Felix Church. ...|41 127113 5°21. Pt. .+ +138 38 136 
j Huengiro Castle... .) 36 32 ; Geeta Lt, Orlando tr] 41 12°4 | 13 84:7 at ae 
) Malaga Mole Light, Ischia I. Castle, E. pt|40 439 |13 57-7 |. Lipari Islands, 
125 feet.........{86 435] 4 26 Naples Observ. Capo Stromboli Is, 2570 ft{83 46°7 [15 13-7 § 
fC. Sucratif........)3641 | 328 | di Monte....... 40 518 | 14 15°5 | Voleano Is. Sulphur : 
Corchuna, Castle. ..| 36 41 3 25 “ Mole Lt.....:/40 5608114 1674. Works......... 38 25°3 | 14 56 
| pre cute ce ee aan ae 30 [Mt Vesuvius, 3900 ft]40 49 | 14 26 Lea Isl'd N. E. oe ; 
ape Ve Gath Cas le} « ~1= |Castelamare Lt....} 40 41:5 | 14 282 For 38 43°3 | 13 112 f 
Pt. M , | 36 55 1 Be Capr, Isl’d, S. Pt: } ~ Sicily as 
, bie de aieihes dhe ih del ord (Lt. to be)....... 40 32 |14117 ‘ 
90. De Cope.. é . (37 25 132 IMt St. Angelo, 4680 Faro Isl'd Lt. on E. 
: Mt. Rider. o's aa] Ol. 28 | Le AS eho Eerie 40 39 extremity....... 133 15°8 | 15 41-2 
as C. Vatieano Tower..| 38 37°2 Messina Lt........ 33 11 115 8474 
E. Coast of Spain. Suylidine. wen: 88145 |1545 |Mt. Etna, 10.874 ft./37 485/15 0-0] 
eee —— - = cd Syracuse Lt........187 8 115 16 
Cartagena Mole Lt./87 36 | 0 56 E aan pate - 
CG. de Palos Tower..137 3681 0 40 African Coast. Passaro Is!'d Lt. «136 415/159 
C. Cerveray 5 5).'64 38 0 ! 088 W. Alicata Castle Light)37 4 11856 | 
Piana Isl'd, E. extre}3810 | 026 {Ceuta Lt........ N56 54 | 51g | Jreenti Mole 2 Leese 
q Alicante Castle L'..)38 20°7 | 0 26 |Tetuan Custom Ho.|35 37 518 Meet 7 RS : 175 fi 37 41 8 iS pa 4 
{Mt Roldan Gup....]38 86 | 012 |Alboran Isl'd.......)3558 | 3 1 [OuSt Julian 2175 8/38 3 | 12 356 f 
Cape St. Antonio.. .}38 485 | 010 |C. Tres Forea, N. pt. appa pariah «5 2 BG i ae | 
Wi Mid:i...:. vee cel BBOB YL BO fa) PAR sel ee 
Cape Cullera Tower} 39 12 013 |Zafarine Isl’d. sum. seve Is. sum. 3648 |12 9 
PValencia Lt. ..... 39 286] 0 24 Wivendes ce fae SSO Tee Ob T | we Ste ia 7S aa 
E]Pt Abuja, 2050 ft..|35 53 | 0 29 Linosa IsI'd. centre. 35 51°8 | 12 52 
C. Oropesa Pt. tower] 40 5:2] 0 10 E. Lampion, centre. ae 35 32°8}12 20 | 
Columbretes Islands Algiers Mole Lt... .|36 47°3| 3 4°5 Lam pedusa Is. (ish 35'20°3) a aaa 
No Roek vs ee 39 54 044 |Mt. Azafoun, 4360 ft.) 36 50 495 ° Malt 
Port Alfaques, San Mt. Babor, 6200 ft ./36.34 | 5 28 eee 
Carlos. ....{40 37°7 | 085 |Philippsville Lt....)36 528 | 653 |Valetta Palace. ... 39 53°38 (14 8l2 f 
PTortosa Cath.......[40 488| 033 |Bona Lions Pt. Lt.|36 543 | 7 465 [Spencer's Monument!35 53. |14 3077 | 
Tarragona Lt...... 41 1 116 |Galita Isl. Pk. 1240 St. Elmo Lt....... 35 541 | 14 315 
Barcelona Mole Lt.|41 226] 211 feet.........'2.../87 812 | 8 55:5 |S. E. extre. Pt. Della 
Monserrato Mt..../41 34 | 155  |Bizerta Castle...... 37166| 4492] Mare........... 35 49°7 }1¢ 34°7 
Cape Tosa Tower. -(41 43°2] 258 [Cape Carthage Lt..|36 52:4 | 10 202 G may, ie 
C. St. Sebastian sum 41 53 313 |Zembra Island sum. ORM 
CO. de Creux, E. extr. 1551 ft. 3710 {1048 |N. W. Pt. or Cape | 
Demetri........{86 4 |14 3 


—: : barre 


Coast of Naples. 

NAMES OF PLACES. Lat. N. Los “s 
9C. Spartivento.... [8756 [16 4 
1C. St. Vito Lt. ...J4094 [1713 

C. Otrante, (. Pt. 

any 5 Of I aly). mine An . {40 86 18 2 29° 9°41 
W. Coast of the Adriatic. 

Mt. Sc. Angelo. [41 43 15 57 

Tremiti Isl'ds Mid 

MACS igs iscsi s 42 15 30°5 
§ Coloneliasm, 10S8v ft.! 42 523 13 52 
f Ancona Lt....... (43 877 113 30° 

Sav Marino, 2460 ft.'43 57 | 12 29 
4 Venice, St Mark..)45 25°9 | 12 20°2 
d Trieste Licht Castle 45 38°6 | 13 46% 


| EB. Coast of the Adriatic. 


PSansego sid sun. 


| Pireeus, 2 Lts..... 37 562 
| Athens Parthenon. .|37 581 
C. Colonna Tm. 269 ft] 37 88°8 


Coast of Greece. 


23 880 
23 43°7 
24 17 


Lat. N. 
NAMES OF PLACES. | 0 7 
Hydra Island sum. 

1939 ft. | 37 19°5 
St. George S.E. sum 


* Port St. Nicolao It} 37 ¢ 
EN Island sui 


Milo, Mt. St. igicas on 
S. W. Pt. 2450 tt | 386 40° 
“ Port W. Pr. Point 
Paros Island, Mt. St. 
Elias, midg2530 ft} 37 2°7 
Syra Island sum. E. 
sidewrl415afbsc. 
Andros Island, Mt. 


37 28-9 


; Tae wae td Oi 80°90 14 182] Kovari, 3200 ft. .|37 50°1 
ren e t le oie 4359 |15 2 C. Dora, islet off. ..| 38 94 
St, rem Peeatchic> ° © IMt. Delphi, 5730 ft.| 88 37-4 
1000 ft...... CAPER AS ret salad tes cae sie 38 49°% 
Meleda Isl'd W.1't.]42.47 [1718 |. “Ginn Dae pe 
f Molonta Isl'd sum. .)42 299/18 235 Pye potion (Patras) 
§ Vetergnach, 3960 ft. 4219 {1852 | Pee i. eae 89 96:5 
| O. Rod ni, 400 feet..| 41376 [19 282 [te Osca (Kessova). 
Coast of ree GLE TE Cent 39 48 
aN Ss ne iat _.. |Mt. Olympus, 9754 ft;40 4°7 
C. Linguetta, 2290 fi] 40 267 [19 17-7 Srrantage nk: : a | 40 33°8 
} Mt. Cica, 630U ft...}4015 [19385 JO Cassandra...... 39 56°7 
Parga Citadel. ....189 16-4 | 20 23°5 [Mt Athos sum, 6849] 40 95 
ay Winnd Lemnos, W. Pt... .}39 58°7 
— s40nlan isiands. 27 «“ S. Pt:...139 466 
Fano Is?d S.W.sum] 39 502 | 19 20 
} Corfu Citadel Lt..%]39 387 | 19 55°5 Turkey. 
ade Giorgio, 1326 me Nivea Dardanelles, Asia Cs} 409 
TD hala eae poi he Gallipoli Lt....... 40 24 
7 ter 3 dN. W. Pt 30 139 [29 9 4 Murmora Istd 8. W. 
j ght... 2+. eee OAL ae i BIEN ciinds stats 40 365 
| Antipaxo isd. Pt}39 8720 5-7 [oonstuntinople Sb 
§ Mt. Nomalh, 3750 ft} 38 41°6 | 20 37°7 Sophia. ie eh4a Ls OR 
| Cephalonia, N. extr.| 38 28:5 |20 83) [pana or Kalolimno 
1 Mt. Elato sum. 5216/38 85 {20 41 herd N. sum.....140 83 
SeanEeEN Pte. vs. 3. 37 565|20415]piuvuk Dereh, N 
“ Mt. Yeri, 2274 ft]37 50 |2044.2] > Stinaret........./41 101 
oe Mt. Skopo, 1439 ft 37 446 | 20 57 Bosphorus, Europe It} 41 14 
: W. Coast of Greece. Black Sea 
# Oxia ts. Pk. 1257 ft) 38 187/21 7 ee a 
1 Lepanto en. Minaret) 38 28-4 | 21 50 tor SRN 43 12 
} Morea Castle, centre] 38 13:5 |21 47 Danu Meeps se eats te } 
i More. Lite atenametces 45 93 
4 C. Katakolo.. Bd Swe 7 Pal 19 S 2 t Isl: ] Lt 45 15°) 
Stam fanes Isl'd Lt..|37 153 | 21 15 ie ath ies" mer. nie 
§ Navarino Mosque. .}36 546 | 21 41°7 ) scabegsloat i! (VV BE 
Mt. St. Nicolo, 1627 Odessa Cath ae aoe ve 3 28°9 
Payers 13653 |91 40 Tendra Isl'd N. end.| 46 2177 
| Sapienza [sl'd sum..}56 45 | 21 41-2 Le Ta ata EE 4 a 
i Mt. Makrino, 7900 ft} 86 57 | 22 912 Sevastopo ES tae 370°9 
LC. Matapan....... 36.23. |22 o9-9 [ML Tehatirdag S. W. 
PO. St. Angelo....../36 26 |2319 | SUm.---.eeee 0) ab ot 
Cerigo Isld N. Pt. .136 23 |2%579 Kaffa, or Theodosia.|45 16 
Gikc. p. . he me Pe 57 Jape Takli Lt.....)45 5:9 
7 be F. cinatsa ‘ AR O1+) 
J Ove Telands 650 186 56 (28 0 ai el 
\ Cerigotto sm. 1930-f.| 33 ae 23.1$ Taos aa BON ca e 19 
i Mt. Krithina, 2600 ft] 36 232 |28 $2 Roo aw Ns). charity 
iKravi Island...... 35 461 | 23.365 eh © Ch, SH ie ape 
Faleonera {sl'd sum] 36 50°9 | 23 53°7 diet 3 eo eihiehdy I's 
PBello Poulo sum...136 54:91 2 97:77 F189 Sey s 
sedans 1 lauithvee ees 5 5 43 17 


C. Batoum Mosque.| 41 394 
Trebizonde, KE, extr.| 41 1 

Sinope Castle..... 42 
Cape Baba. .......) 41 20°9 
Asin Lt. entr. Bosp.}41 13 


Islands in the Archipelago. 


TABLE XXXIX. . 


g Coast of Asia Minor. 
Lox. Kf a | lar. N.[ Lox. E | 
Cy NAMES OF PLACES, Olek oe : 
Tenedos Isl'd N. W. 
23 28 SULM Sieve tele a a) « (39 502}26 5 § 
Mt. Ida, 5750 feet. 39 42 126 50° 
23856 | Mitylene, E. Pt. 139 O7 | 26 387°7 § 
Smyrna Mill, on : 
24-217 | | Darayaz, Pt... - 38 265 }27 9°7 J 
2420 |[Samos, W. sum... .)37 43°8 [26 88°5 § 
“ M. Kerki, 4725 ft] 87 43°7 [26 88°7 § 
24 23°7 | Nicaria Beacon 3390 
{sets wee eae s 37 32:2 196 4°7 
24 23°5 [ Patmos, S. Pt. ...)37 16 126 8477 § 
Mt. Samsoun, 4130 {| 87 8y8 427 9 & 
4 22°7 | Kos, Mt. Christos. i 
OTB fei eee 3650 [271424 
Bobi | iiodes) Lt...) ss. ne 36 269 [28 1672 | 
: Wo hue 36 8&7 [27 452 § 
24 55°7 . Sah MRAP TEAS 
Candia. 
24 905 |Gundia, Minaret Lt.) 85 21,25 2 | 
on 363 “ KE. extr. C. Sulo- 
23 BUT] man... wees e [85 92126 195 | 
ede 4 eae Ca 1 aD 35.133 (2447 | 
24 812 |Gozza IsI'd W.Pt..] 34.52 [24 22 § 
2437 | Boudroom Castle. . Wh ee wed Sal | mbt 
ah Marmorice Cape. ..| 36 43°9 | 28 20°7 § 
23 38 Highestsum.5980 fi} 36 31S [29 142 # 
Bae Coast of Karamania. 
99 67:2 Mt. Takhtalu 7500 ft.| 66 31-7 | 30 28 


23 22°0 
24 20 
Sho 
pt ial es) 


28 32 


| 29 


3 
129 4 


lo 


34.172 
35 24 
36 27 
06 29°5 
36 39°2 
38 57 
39 265 


37185 | — 


4010 
41 3% 
39 46 
35 125 
$1 26 
}29 Or 


C. Anamour, 8S. Pt. 
of Asia M. eee 
Alexandretta Con- 
sul flag staff... .|36 35°3 |: 


36 0°8 | 382 49 


C. Khynzyr, 5550 ft] 36.16 [35 52 _ 
Syria. 
Bairout, Brit. Con. .1 33 545 1385 vse 
VyVehe wt es sae cide Sone Psoralent 
St. John d’Acre, Bas- 
tion, Marine gate.]82 55 |385 25 
Island of Cyprus. 

West extr. OC Kpi- ee 
PAINS, 2) Silva's 35. Ga pa2 145 
N. and E. extr.C. St. ; 

IEE, « occ se 35 41:7 | 84 35°5 | 
and “K.” extr. C. ‘ f 

Leer ot esha ds 34 82°8 [3 59 7 

Egypt. ; 
Kosetta, Hngl Couns.) 31 243 | 30 28 fF 
Aboukir Castle,..../31 205/30 57 
Alexandria Pt. Eu- ; 

nostos Lf... SHOk WS yooh 

Arabs Tower...... 31) 57°7 | 29 33°2 § 
Gu lGiznt wesw cupouiO. >] 33 

Barbary. 
Jebel Zawan, 3917; 

FORE ihc dla 36,23 LORE 
Tripoli, Pasha’s Cas] 32 539 [13 116 f 
Jebel Thelj, N. E. 

SUIT Petal alaved ane tench ate 3+ 25 9 5Y 
Kurvah Isl’ds, N. E. 

PSs wiieneeeee 8548 [11 3 § 


Shores of the S. Atladiig Oamen} 
—W. Coast of Africa. 


| 


0 36 
39D 
46 


Cipe Lopes... s+... 
Loango River ent... 
Congo River; S. ent.| 6 


235 
NAM!'S OF PLACES. Lat. S 
WSt. Peul de Loando, 
i flag staff. .......| 8 48°1 
2St. Puilip de Ben- 
gue'n flag staff. .| 12 33°9 
4 Cape Negro, 200 ft. 
- Diaz's pillar... ./15 407 


i Mt. Colquhoun, 17 or 


18 L. inland. .../ 22 33 
Walvisch B. Pelican 
point... PALE 
Hollam’s Bird ialuna 24 34:7 
f Angra Pequena, Pe- 
h «6 destal point..... 26 38°4 
Cape Voltas......128 44 


8. Coast of Africa. 


A Koussie K., limits of 


Cape rin see 29:40 
f Pre River.../31 38 
Cape Deseada..... 3218 


f St. Heiena B., Point 
| Ss. Martin. Svestel Oma 
§ Saldanha Bay, N. Pt} 33 1:7 
- Dassen Island..... 33 26:2 
Robben Island, 8. pt.) 38 48-2 
Table B., Green Pt. 

two Lights..... 33 53°2 
Devil’s Peak, 3315 ft) 88 57:2 
‘Cape Observatory .| 83 56 
Cape of Good Hope 


# Point, 800 feet...) 34 22 
1 “ Lion’s Head. .... 33 56 
) Simou’s B. docky ard! 84 113 
Cape Uangklip Pt. 
1800) feats tot 34 23'8 
Dyer island centre.| 34 43°7 


1 


Quoin Point. . .| 84 488 
Cape Agulhas, S. ex- 
tremity of Africa 
Light b yon) wlalle let atone 34 49°7 


eeeer 


3. | Lon IK. 
°o / 


TABLE XXXIX. 


at. . 
NAMES OF PLACES. ° - 


Great Castillos roek 


Lox. W. 
SP ae 4 


13.135] (like a sehooner) |384 24 |53 46 
Cape St. Mary...../84 39 |54 9 
138 24 | Maldonado Tower. .| $4 53°53 | 54 57°7 
Flores Islands Light) 84 56 [55 55 
11 58 | Monte Video Rat Isl| $4 53°38} 56 13°5 
- summit..]8453 |56 15 
1158 [Colonia Light..... 38428 |57 497 
Buenos Ayres mole 
14 27 landing place. .../84 85°5 158 22 
14 32 Chine sees Setleo Le Overs 
Sierra Ventana,38500 
15 8 feb Ouse es anf OSoLL 1 oltoeo 
1632 [Sierra de San An- 
tonie, 1700 feet. .J/41 41 [65.12 
Pt. Delgada, 200 ft. 
ot Reg 1d Et g BARU Re a 42 4 |68 37 
ia E. Coast of Patagonia 
18 12 : id i 
18 238) [Salamanca Vik., TU0 
TSGR Rn selens 45 84 |67 20 
1759 |C. Three Pt’s 2000 ft}47 6 [65 51 
17 54 | Monte Video, 300 ft. 
18 67 4m. inland....../48 14 [66 26 
18 22°7 | Wood Mt., visible 11 
leagues. ........(49 13°7 | 07 45 
18 24°5}C. Fairweather, 300 
LO 1d Tecate. thea tags 51 32:1 | 68 55°5 
18 28°7]C. Possession, mid. 
800 feet... 25.9 ...|52:17. 168 56°7 
18 29 |} Orange Peak. ..... 52. 298'3 | 6Y 25°65 
18 24 | Port Famine observ, 53 38°3 | 70 58-2 
18 26 | Mt. Saimento, 6800 
feet, two Peaks. .|54 27°2| 70 51:6 
18 50°9 | Mt. Buckland 4000 ft) 54 26 =| 70 22°7 
19 28°2]Cape Tamar. .-[038 55°d | 738 485 
19 41°7] Staten Island C. St. 
Policy yea aiee eis 03 43°5 164 44:8 
Cape Hern 500 feet!55 59 167 16 
200 Or 


ee ek Waco ATT BURCH, Ut. «phubhanorw 
Matantam Cath....| 2 31-7/44 18-7 | Green Min 2820 ft) 7 AS 
Fort St. Mareas Lt.| 229 j4a1g |Cross Hill 850 feet.) 7 55:7 
Mt. Melancias Peak, iciterna meee nti ete 
sand hill,....... ATP Ea Wi) Pacts ho tar aat arf bz 
Point Macoripe Lt.| 341 [38 29 Obsrvabry, showing ee 
» Morro Tibad, Red G. M. To... 4/15 55 
jBieace Wills Verne. 5114.40. ape pie Cea Oromia te 
H Ene St, Roque....| 528 [3516 |. 8. W. Pt. pes 8 ore 
i Pernambues, Fort a Pk. on 'S. KE. side. 3 O04 
_ Pic sity arte 8 36131517 Prinidad Isl'd S. Pt. 20 81 
St. Au; sustin Ch. Martin Vas Rocks, 
suminit.. 821 |34 56 lurge GG ni siece got 20 28 
| Mt. Seilada, 'S. Peak} 895 |3511 [Tristan d'Acunhal 
Mo’nt Masarandupiv waterfall N. side 
10m. wland..... 1224 |38 4 middle... Peed g 87 6 
Bahia, St. Antonio Inaecessible Islands, 
Lightsic 6 ...[13 07/38 31-7]. Vest one....... 37 16 
A rating Ist'ds., lar- Nightingale Island, 2126 
gest K. summit..J/18 5 [38 42 Gough’s Isl d 4385 
Mt. Paseoal pain 16 54 [8920 ft. N. Point. .....]40 19 
Peer san Phy iso esiee eae Falkland Islands. 
pre Brio, S. Pt. Lt. 23° 18/41 582] W. Kalkland, Port 
Cape Negro Point. .}22 57 | 42 39 Steph’n’s entrance 
Riv Janeito, fort Vil- B Pt. summit... .}52.11 
lagagnan........)22 547/43 9 |C. Tamer N. ¢liffsum) 51 17 
St. Sebastian Islaud, Eddystone Rk 200 ft) 51 10 
South Point.....}28 57 14515 | East Falkland, Port 
St. Catherine Island, Salvador, Shag 
North Point. ....|27 225) 48 25°7 Island entrance. .|51 23°7 
Rio Grande de Sul, C. Carysford, N. E. 
FE. Poiut Light...}32 7 |52 8 CIT fc betel a aie kdb Laboes 


E. Coast of South America. 


As scensiun, Barrack 


s 


| Islands in 8. Atiantie Ocean. 


14 25:5 


1+ 21 
14 25 


5 44 


oo ean 
32 255 


29 19 


28 51 


60 41°2 
60 52 
59 25 


58 19 


57 50% 
en RR LS RA ETC A RR SS RTA NCS STE SO SA SAT ACT SE 


NAMES OF PLACES, Lat. Sy | Low. NV: 


Port Louis Settle- 


fi 
4 


ment, flag staff..J51 382 [58 7 
C. Pembroke beden 

on S. E.......,. 51 40% [57 49 
Port William, Gov. 

Store House ..../51 41 [57 51°5 | 
Beachene Isl’d, 200 

feet S Point... .|52 557 59 127 q 


Shores of the Taian Ocean. | 


) 


ds. EK. 
Cape Agulhas, S. ex 
tremity of Africa]3449°7}20 67 | 
C. St. Blaize, S. Pt. 
of Mossel Bay.../34 6°9)22 117 
Plittenburg B.S. Pip 34 48] 23 225 
Cape St. Francis... ./34.10 [24 627 
Cape Recif Light...) 84 22/25 41-2 f 


Algoa B. Command- 


nant House...... 33 575 


— 


? 


Madagascar Island. 


S. extremity of Cape 
Sto Maryoo we cuwere 88° 
Leven Island, centre 25 1 
Murderer’s Bay, N. 
Potton iaisteine an 22 
Cape St. Vincent. .| 21 
N. W. extremity, or 
Cape St. Andrew. 
Cape St. Sebastian. 
(Island 5m, off the 
Point’ 


45 67 
4418 


te 
Ord 


5 
5 


2°5 }48 18 
43 


44 31 


Amber Mountain. .| 12: 49 ll 
Port Leven Lingo rk} 12 415 
Mananhar Table Hill! 14 389°7 
Tangtang flag staff.| 16 42°5 
Plum island, visible 


50 15°7 


5 lengues....... 18 28) 49 29°9, f 
Port Dauphin flag 
Staff... ..ee ee eee (20 VS 147 ) 28 


25 395 | 


“ St Croix Is?d Pk) 33 476/25 465 | 
Bird Island, E. oné.} 383 521/26 18 
Port Hodd acre 33° 3'8}27 58 
Cape Nataly ..3 oc. 29 58 131 2-2 
Port Natal, S. Pt. of 

Bays hhan ay . [2953 [31 2 
Cape Vidal....... 28 96,22 38 
St. Mary’s Is?’'d N. pt} 25 582/33. 25 
P. Melville,Klephant 

IsV'd,S. W.side, N. 

Polite 's Cas eens 25 58 |32 57: 
Cape Corrientes...|24 75 | 85 30° 
Mt. Cockburn. ..../16 29 [38 56 
Port Moeamba, N. 

Pt. Pk. 2000 ft../15. 6 [40 85 
Mozambique, Saint : 

George’s Island. .}15 2°2| 40 485 
MountuPaés.'s vues 1450 1/40 25 
Loguna Peak. ..... 14.21 /40 375 
C. Paman, Hull Rk} 1010 | 40 10 


{ 


2U'5 


48 45°7 | 
4841-2 | 


49 542 | 


49 46°2 | 


Isl’ds in Mozambique Channel. : 


Huropa Island, or 


Bassas da India. .} 22 225140 24°29 
St. Juun da Nova..{17 35/42 60 
Mayvtta, Valentine 

Penk. ...,...---|12 64 [4508 
Johanna Isl’d Pk. E. 

Point. ......0ss]| 12 
Comoro, S. E. Point} 11 54 [48 383 
Assumption Island. 

hummock on 8.E. 

946 {463 


part.... 


Coast of Airica (Continued.) 


TABLE XX XIX, 


Lon. N.| Lar. E. 


° 


NAMES OF PLACES. 


NAMES OF PLACES, 


239 


Lat. N.] Loy. E.| 
o 4 Te y 


16 


a Serna 


ET 


ae ae Lar S. Low. (E praia tn * ths 427 173 42 ee Dagon Nee hee at 

Mt Trinidade1200f/10 4 |3944 | staff N. side....| 410/73 29 |Martaban....... ..}1632 | 97 33 

Zanzibar Isl'd 8. Pu] 6 27°7 | 39 33 aay Maulmain Pagoda. .}| 16 80 | 97 37 

me Peaks, mid- Ne se Almirante Islands. ripe Adi Lt., to be} 16 5 97 33 

BONO e cs a, tet od 2 —_ Sif. sum. Inland... .| 16 97 35 

Mt. Gibbous. . 1122/4128 |, | S. rhe cone Vistble ii is ny a 

N. E Sk. Joseph Island. | 5 27 do ol Moiasarint Island. 112 84 97 4a 

Murot Hill......../ 5413/46 17-2 AE Fe . Junkseilon, H. Mt. S. 

E, extrem, of Africa eychelle Archipelago. Pie. csteen ee 7 46 98 18 
Ras Hafoon 600 ft. frigate Isld, I. extr Bula P etnias eens «(> 542 | 98 56 
Kast Point...... 10 26°8 | 51 22 BOfeeblc) 4352/56 1-2 }Penang Island sum 

C. Guirdafui, N. E. Foquet Isl'd, S.extr] 527 | 71 46 tls flaiee ee 525 {100 14 
extrem. of Africa.}11 50 |51 16 — “ Cornwallis fl. st.| 5 251 [100 19°7f 

Tocotra, W. extrem- Chagos Group. Pulo Dinding...... 416 100 35 
Pee eee tls oer Oo 18 | ic ee ee ee Salangpre’ Hilf and 

“S. W. Point, Ras Dieg) Garcia, S. Pu| 726 172 238 Bint S ee 820 j101 22 
Kattanie, suminit Ee i Parcler Lill sum..| 252 {Lol 25 | 
1466 feet....... 12 22°5 | 58 32 Cargados Garajos. CO: Rachado, vis.7 1. | 226 Jiol co § 

Ras Feluk 800 feet.[12 0 [5051 PS rigate Island. ....] 16 86 iy 3% }|Malacea flag s‘.. 210° |L02 14-e9 

Siren [sland... se... 16 28 59 37 Mt. Moar sum... 159 j|102 40 
S. Coast of Arabia. Ei atl en ee ean PO UEP Ornigsn : 149 jlu2 54 

C. St. Pee 2773 Islands in the Indian Ocean. |Pulo Kissang, 200 fi] 123, |1u3 13 
feet. 1241 |4410 1 5 53 D5 Singapore Battery..]| 117 {103 50 

©. Avten, sum. 1776 Hoda lois Rlig £0. ler sq. | Barbukit Hill, 646 | 124 {104 U1 
a 12.45.1456 18 Wate ; Paren Pedra Branea,  o1 

N, Baralike Pk re 284 F Botte 2600 ft P 20 11°77 7 86°7| Horsburgh Lt. . ] 20) 10-4 oS 
feCb. ss 4s... Pe Seeo ADE rT Coonaes Bintang hill, 1200 fi} 15 [104 26 

Jebel Jin jeri 1800 ft117 3 | 54 53 Telnd b. P 900 9°71] 57 31-7|Preparis IsPd Cow & 

Kuria Mucia Istands, Ravehion Telia s ioe ol o4 55 40 Calf, N. end....| 14 56 93-38 
W. one, Ha-ki pkj 17 27°2 | 55 85-7 vidas Fatal aay 54 20 5 4 Great PM eniety! N. 

Mazeira Isl'd, 8. PtJ 20 76158 33 Thabane i as 53 5G 5 30 Pr., or C. Price. .113 84 | 93 4 

C. Mussendom, N. pt} 26 24 | 56 384 putes Bdqnrils Is. Sadd'e Hill, visible 

Great Quoin 300 ft} 26 80 ]5633 | yp, te aR UAtiET 18S Paper Le ee ees 10.4 [98.4 

Asses Kars 5. ial’d) 28 29° |51 14 |yarion and Crozet’s Nareondam vis, 151/13 86 | 9418 | 

Hummocks of Kenn, Tala) uf 146 9 50 28 Little Nicobar N. Pt] 7 26 93 42 
Sey Lic 28 4 15141 Iho, guelen’s aah N. d. Nicobar, 5. Pt... 3.45 [ 98 54 

High Ciay Pk. white 25 23 | 62 30 p 4 48 4] 69 6 SAL 5%) FW URC ETRE] 

Giais al Hill 64 eee Ae 20 57 wi 18 re} St. eet Bi Ne 49 54 70 10 S. W. -Coast of Sumatra. 

Cambay flay statf..) 22.17 | 72 855 ]5) Paul 00 ft.....138 438} 7738 |Golden, or Queens) 

St. John’s Highland) 20 2 | 72 48 eave ae emntinit MESSESO. ee 5 29 05 45 

Terrpore Point.....)19 62 |'72 40 ORB OME oy ra es 37562 | 7735 JAchen Head...... 5 36 | 95 11 

Bombay Obyrvat ry 18 53°7 72 48 Keeling Isl: ind) S Goonung Louse, 

“ Lighthouse} 18 517/72 4771 Group, S. Pt.....}12 126 | "96 54 | 11000 ft........ 347 | 9715 

Rajapour Harbor or Direction Isld S. W Sinker Pts cess) Mlb OG 
Rajah Point. . eee lout tae O Peoee wieeecct. 12 84 1-96.53 | PolajBabl.. . 2.2... 1 44 97 37 

ay mh He ee 15 283/73 612 lonistmas Isl'd. [10 81 [105.33 [Mt Ophir, vis. 871.) 0 5 | 99 57 | 
arvsalore PK ie SSS = Si BK. ! 
{Se a 1350 |74 51 F fea 29 | 

Mount Dilly. y jae Aer By At | Coromandel Coast. ae recat ei las dy 

Calicut Lt. “flag stat li 15°2 | 75 45°5 ae oe gf Dorota le. ss. 38 47°6 |102 19 § 

C, Comorin Point, S$ Negapatam flag st.| 10 456 | 79 50° Rajah Bassa, 1600 fl] 549 |lu5 4 
extremity of ludia} 8 5 |77380 [Five White pagodas! 1049 | 79 50 [Krakatoa Pk. 2690 fl 

3 * Penk ks sees eres et 8 282 177 80°5 | Pondicherry Lt....| 11 55°7 | 79 49°2} South end....... G6 9 105 29 } 

Madras Observ..../18 41] 8014 |Anjer flag staff....; 6 3:2 1105 57 

{sland of Ceylon. “ Light Ft. St. Geo} 13° 47 | 80 162 | Bunce Parmesang 
Calpeatyu Bort....] 815 (7945 [Coringa, town Lt.../1649 | 82 12 hill, 1250 ft.....) 288 [105 58 
1 Colombo Light....| 6 56°1]79 49 Jugurnaut Pifgodas, | cs Monopin h.1640f} 2 0 {105 12 

Pt. de Galli fl. st.1l) 6 1°8]80 11 large Eth cs x Cota phiale,"2 1950 | 85 56 | “ Goonuneg h. 2600 f 236 [106 49 

Adain’s Pk., 7000 ft} 652 |80 29 Black Pagoda..... 19 52 a ee herr ae ee Fi te depo es a 

S. extr. Dondra Hd] 5 55 |8034 |Palse Pt. Lt....... /20 194 | 86 44 Coast of Java. 

Flepannt Ris. inland) 6 24 |81 32) [Mypurra Isl'd,S. Pt} 20 413] 87 7 [Java Head....... 1 647 {LOS Ls 

Friav’s Hood...... 729 |81.40 1Pt, Palmiras.......| 20 41 87 9 |Bantam flag staff.) 6 1:7 [106 107 

Trincomalee Light.) 8 383°7/81 14-7 |Lower floatg It. ves}21 3 | 8812 |Mt. Karang, 6000 fi} 616 }106 5 

Palmyra Point.....| 949 {8014 |Upper float’g It. ves} 2126 | 88 4 [Batavia Obser..... 6 8 |106 50 

Tana no i ae eeeureree LE... 0 5. 21 503) 87 55° 7{Mt. Gede, 9380 feet} 645 [107 0 

Tslands in the Arabian Sea.---iSaugor Island Lt. Mt. Chermair Peak, 

Lacadive islands. DOU ska os co's AE See tea ly 0780. ites aateln a 655 |108 26 

TTS ce F j Calcutta, Fort Wim) 22 33°5 | 88 19°2)Mt. Fegal, 11000 ft.| 7 14 {109 15 
pueikes oe tea ay te eae Chittag uy flig staff 22 2 9147-7 Vit Soumbing 10.700 

Sh. See 28 175 9 _lrabistand: ap00 fep21 “9 [99 98+] feet ds ce cklye oo 721 |110 4 

Maldives. Akyab harb, fl. st...) 20 84] 9254 [Samarang flag -«.ff] 6 573 1110 27 

eae A Great Savage Lt...) 20 52) 92 53°'77C Sedano Pt. 4430 fi) 749 [114 30 

Coutaining 19 Atolls, or Groups. |Kenain kown pk...J1948 | 93 28 [Mt. Idjeng, 9600 ft] 8 38 |11414 

Maleolin Atoll, Nut Cheduba Isl'd, 8. pk. Semiru Mt. 12090 fi} 8 8 {112 58 
gel oieeefs GO eeeont 12-40 17100 fete ee eee 18 40 9341 JArjuno Mt. 11.930 fi} 748 |112 37 

Powell’ 8 as None! 6 29 {72 54 Elephey Pt. Pogedan) 1628 | 96 21 Jlombock P.11.400f] 8 26 {116 25 


SET LT LS TILE TO I EO GIL OEE HO mee 


240 \ TABLE XXXIX, 
4 . . 
Coast of China. yaates or rraces, | Lt N.| Lo. E. Australia (Continued.) 
t. N.| Loy. E.| Bald Head vis. 12 1. a 
raat or sn. [Sa Pa Bean TO Ls | ceed oy cuca | aES | 


iGreat Lema, E. Pt.}22 5 {11419 King George’s Sound Cape Wellington.../39 4 {146 20 


Lantao Pk. 3050 ft.}22 16 [113 58 Gov. buildings. . (385 2.2117 538° Me Dromed: my vis. 
| Macao flag staff... .}22 114 |118 82 [Bald Island summit 84 55 118 27 151. N. Pt......18616 50 18 
Canton Eng factory|23 69 |113 15 | Port Hood......../84 24 |119 34 Jarvis, B. Pt. ‘per- 
Hong Kong summit. S. E.}  pendicular, 650 ft $5 6 |151 2 
j N.W. Pt. 1825 ft}22 15 {114 22 [Esperance B. W. pt. Botany Bay, N. Pt. 
}A high sum. 2810 ft{/22 31 {114 82 Palanthorn eae oe 33 56. {121 46 entr...... AOR aaa 134 0 |15116 
j Table Hill, 1767 ft }23 89 117 9 FMondrain Island, 8. Pt. Jackson Lt. 350 f) $3 512 |151 18-2 
Amoy citadel..... 24 28)118 4 summit...... (38410 122 14 Sydney, Fort Mac- 
i Mt. Keu-sau pagoda Middle Island, 8. W. quatrie,: i. 04 33 51-7 1151 14 
760 feet. 2 el ¥isue.e © 24 43 118 38 summit... lok 8 123 8 Paramatta Obser y..| 33 48° 7 151 it 
Double Peak Isld, C. Pasley sum. | 14m. Pt. Hunter, Canine 32 55°8 (151 48-7 
W. Pk. 1190 feet) 26 36 {120 11 Inland . z (83 56 1123 28 GO THawhe: 0 3 82 14 1152 35 
Montague Isl’d, E. pt Hd. of Great Austra- C. Byron, E. Pt. Aus 28 38 {153 40 
740 feeb 29510 LPS) 0G lian Bights. 5) 31 28 1s) 4) PK High Peak...... 2620 1152 56 
J Chusan Is?’d S. extr]29 36 [122 8 [Island of St. Peter Round Hils.c ss... 2415, |151 53 
t “ Chookea 1170 ft.}29 54 {122 25 MW» Pointe 3228 ne STC Hepnelics vas $35 9397 |1I51 7 
PRICE, Oar C. Radstock....... 83.12 |138415 |Peaked Island..... v2 40 {151 0 
Pearson's Isl'd 2 pk’s} 83 57 ie 13 | Pt. Bowen, N P. en| 22 29 {150 485 
Formosa 8. Point. . 120 55 [Greenly Isl'd Peak. Long Hill, 2333 feet] 21 34 149 20 
¥Tab'e Hill, 860 deal: O4 53°5 {120 59 O00: feeb nesses 8435 113447 1¢. Hills sborough sum 
Sum. Eastw'rd 280u Beagle Island, small] 34 49 |134.49 | 966 feet........ 20 54 {149 6 
S feet... .4...../25 11 [121 31 [Thistle Island, vis. 12 Cumberland Island, 
E. extr,of Formosa.{25 2 |122 2 leagues, S. Point {36 6 /136 11 Shaw’s pk. N. Pt 
Mt. Morrison, 10,800 High Isl'ds vis, 4 1..]35 22 [186 8 
feet. ..(23 50 1129048 JC. Donnington. .... 3443 [135 57 
Double. Pk, 3m. in Mt. Brown, 3000 ft}32 80 {188 1 |Mt. Abbott, 3460 ft./20 3 {147 48 


land, vis. 17 leag|22 50 [121 8 [Tronbridge Hill.../35 8 187 41 |Mt. Eliot, 4075 ft...| 19 33 
SSS Prt Adelaide, It. ves} 3448 188 28 Mount H tehinbrook, 


Borneo. SB ELUWDienittacl ne oo ioe oa. 
Phas Wari Gi ed ea TE LE. Lofty, 2200) feet] $4:58°5 1138 49-47 7 i Fitz Roy Isl’d, N. E. 
Mt. ‘latuu, 1900 feet] 8 2 JLly 59 ? , 
y . . 4 = . 2 aut « 3) 3 € ‘vay 
Mt. Silungon 1500 fi} 3.50 [113 49 [Glenelg flag staff. . .| 34 585 1138 327] pk. 550 feet... .| 16 55 


| ee i Kangaroo isl'd, Mt. 1o. Tribulation finger} 
Mt. Mulu 8000 feet.| 4 7 {115 10 Torrens. ........|45 590 {186 38 


146 59 
146 17 


146 0 


1601 feet... 305. 20:28 Maa 
M. Dryander. 4566 ft} 20 14 1148 31 


ok. 8350 feet. . 4 |145 26 
suid les asses se ltys o [Mt Gambier....../3752 [14042 Ig rPiaieergn che i 
Labuan Istd, W. pt) 5 155/115 7 1G Otway Lt. 308 ft/38 51 1143 33 | 55 feet... 14.52 [145 21 
Castle Pk., 1500 fur 5 47 LG ia: Port Philip, Pt. Ne- Lizay d C sm, 1200 ft 14 414 145 33:5) 
peje Bale: Moun tah, RAH. we eae -+ {38 18°5 |144 42°71C. Bowen......... 1434 [14441 | 
13,700 feet... soe 6 8 {116 86 |. Melbourne, Bate- ©. Weymouth, Re 
: Man Sil cx. oe ee 387 48°6 |144 57-7 storation Is?d pk. 
PPE Be Mindora. S. Pt. of Australia.|/39 8 [146 23 360 ft. W. Pt. 12 37:5 1148 27-5 
High Mun 8126 feet} 13 23 
Mt. Calavite 2000 fil 13 28 120 34 (oe Wickham, N. Pt. Orfordness, Pudding 
¥ Pe summit, 595 feet.|89 85 1148 57 pan hill, 354 fe “ot. 1119 {142 61 
Philippines. BPk. Pyramid, 240 ft}40 28 144 21 IMt. Adolphus, 548 ft] 10 37 {142 41 
p Pt. San Dievo..... 1358 [leu 88 [Curtis Isl’d 1060 ft. Mt. Bremer, 440 ft..} 10 41 [142 85 
1 Manilla Cath. and Lt} 14 3 121 0 Realy Sete thor tat 39 28 {146 40 IN, extr. of Avatenltn 


Kent Isl. S.W. end lt| 39 30°2 [187 19 
Coast of New Guinea. Barren Jsland, Mt 
Ss E Munro 2300 feet.140 23 |148 6 


Oakorki§ Joes) 10 416 
Murray Isl’d gr, one 

pk. 700 feet.. | 9 565 
Balls Pyramid y. 12] 31 43 
Lord Howe I, 2500 f} 31 37 
Prince of Wales Is. 
N. E. pt. Horned 
Hill, 430 feet... 110 57 


42 34 


-— 


144 5 
159 20 
159 14 


ape Sapev, summit A 
sh Oe aaa 887 |132 80 Van Dieman’s Land. 
Fisland C. Katoniun 

summit 8940 feet| 359 |182 44 
fLamanchiri hill, N, 
; W. sum. 32265 ft..) 846 1134 3 
Lakahia Mt. 4564 ft} 418 [184 BY 
fA hizhsum. 9000 ft} 4 9 1185 33 


Mt. de Witt, vis, lz 

leagues ........148 9 |145 48 
S. W. Cape 1000 ft./48 85 {146 1 
C. Dana Lt. 339 ft.|48 Y987}147 8 


120 48 | Mt. Wilson, 2350 ft}39 4 {146 24 [pop bes I, sm. 340 ft. - 16 = 27 


142 18 


eRe Straits. 


1000 fi gIAVON EG sess . ».|42 585 /147 21-6 Buoby I. 80 ft, Post 
} Mt. Cornwallis visi Port Arthur, Sema- Offic Rew 10 36-7 |141 56 
j ble 9 leagnes....) 927 [142 35 phore.......... [43 9:1 [147 50-7]Daruley I. hi 580 ft] 9 35'3 11438 49 
} Aird Hill, 1260 feet] 728 [144 35 Maria I.sum. 8500 ftl42 35 1148 g |Turtle Backed Isla - 


I Mt. Victorin 10 1in] 8 9 1146 50 
FC. Rodney,S E. extr. rf1015 [148 30 


———_ = 


368’ feet on: 954 |142 48 
4059 114756 |Mt. Ernest, 807 feet}10 16 [142 81 


Mt. Cameron 8/1, in- 
land san fee 


: Cape Portland...../40 44 [14757 [Mt Angustus. 131010 9 [142 21 
W. Coast of Australia, fir anhur Lie | 
° ° AY ' 
N, E.] land, 4300 ft...../4116 [147.17 Gulf of Carpentaria. 
Steep pt. W. extrem Port Dalryinple Lt}41 3-4 [146 482 Wellesly Is, Sweers 


ity of Australia. 126 5 [11957 | « Georgetown fl. st.}41 63 |146 502 
Mt. Fairfax, 582 feet! "S$ 45-4 1114 41-7] Valentine pk. 7 Lin-} . 
Wizard Peak 640 ft..28 29°7 1114 47 land, 4000 ft.....}41 22 |145 45 IC. Shield... ...{18 20 |136 238 
Mt. Peron, 3 | Inl'di30 7/115 9 [Rocky Cape sum. 2 Mt. Caledon....... 1258 1136 33 
Swan R Scott's jetty32 33/115 45:5] m. inland, 1000 ft|40 53 [145 29 |G. Arnheim..... ..{1217 |137 
“ Perth Goy Housel 574/115 52°7) Albatross Is. 125 ft. C. Wilberforee.....)11 58 j156 34 
C. Chatham, vis.101/35 2 {116 28 sum 4029 {14489 IPt Duale.......... 1136 {136 7 


Tsland Hpi 
Hill, 105 feet....]17 82 {139 41 


ce ee srs wmweene 


TABLE XXXIX. | OLN ur as 


N. Coast of Australia. ~ Lso- Choo Islands. Russian America. 
NAMES OF PLACES. eee 3 LON 1) NAMES OF PLACES. <2 ied ip rs wames oF praces, | 43" poets 
C. Cockburn,......{1118 [132 51 | Koomisang, N.W. Pt] 26 24 |126 47 [Sitka Arsenal Light/57 2.9 [135 17-2 
Pt. Essinztou gov. bh} LL 22°83 |182 10:7] Loo-Choo, Gr. Isl'd rt Ommanney..... 56 9 [1384 34 § 
ROTOR Pia we 2k © 1119 |131 48 Wier ko WS ean 26 195 {197 41:5] C. Addington. .... 55.27. 1183 48 | 
Cape Ho ham....J12 3 {131 20 |E. extr. C. Sidmouth) 26 47 [128 21 ]C. Muzpn.,.0 20 [5443 [182 42 
Bathurst !s ld 8S. extr Herbert Isl'd entr, to 
C. Foureny..... 1151 |19957 | Pt. Melviile..... 2644 llo75s | N. W. Coast Continued.) 
P. Darwin. P Emery Sugar-loaf, mark for Queen Ciarloite s Is. 
on BK. side of entr) 12 27 hao 51 Pt. Melville...... 2643 [127 48 Cape Henry.....{52 52 [132 25 
Pia eax oan oct x 125L |138011 {Montgomery Island : “> PERN BELA ier 54.20 1133.11 
aa SS Ni PELs eet 27 4 (128 2 |] “ C.St.James,S. pt}5155 [181 2 | 
—— S| Port Simpsons ....454 83... 118018 
. : ie a =| 
eg oe aT | ee ee Contato’) | -Wanconver'a iand: 
CO. Bernier......... 14 0 {127 28 | Nankincity, porcel n Nootka Sond friend- 
C. Talbot..........{1847 [12646 | Tower.......... 82 2 11849 | jy cove......... 49 85 1126 8575 
Port  Warrander, Urh Maou, or Staun- 2 | Esquimalt harbor, 
Chrystal Hd.....]14 28 [12558 | ton Isl'd........ 8650 [12215 | jslet entrance. ...]48 25°6 }123 37-7 | 
Port Nelson C Careen- Saddle Island... .. 37 24 1119 53 | port Discovery W. H 
ing beuch.......(15 6 [125 4 Great Wail 22 os 40 Gry, 1L202,.0 Peake oo ee 48 55/122 545 | 
Pr. Regent, R. Mt. S. extr. of Coast... 38 40 {12111 | port Neah, S. W. Pt} 48 29°5 {124 36-7 | 
Trafalzar summit! 15 166 [125 7 Rock like a Junk... 38 56 |122 49 1G, ay's Harb. N. Hd]47 0 |lz4 7 | 
C. Borda..........,16 36 [12249 | Lindsay IS. W. Pt) 36 26 126 28 | port George.......(46 115 }123 51 
IC. Baskerviile...... 17 9 {12219 | Cape Basil, Basil bay} 36 8 !126 51 |G pe Devils a. sees 4412 |12417 J 
C. Vellaret, 150 ft.) 1819 122 7 bist 7: C. Mendocino. ..... 4029 [12432 § 
C. Jaubert, 46 feet..]18 58 {121 40 Japan Islands. ire Pe or PP RES Ch, 
Seem i po Oni LLO:89) tected ose he Coast of California. 
| Depuch Island, 514 Asses Ears, S. one..]382 2 (128 86 | yi¢. Bolbones, 3765 
ig ea we. e{ 20 38-4 [117 46 | Nangasaki, mid. o 3 feet, 10 1. inland.| 87 52°9 121 54°5 
1C.Lambert........{20 86 {L117 11 UlbYs. eee ee eee 32 44°8./129 52 Tot Francisco Fort 
C. Preston......../2030 [116 5 [© Nomo.......... Gm COM? SERIES | clerk 87 45°5 |122 285 
I Barrow Island, N. Horner Peak... ....)31 9 {180 28 | see also the Seacoasts 
EE ee ee 2040 |115 27 |U- Tschitschagoff, S. of the United States 
AKT a fl cero. To extr. of Japan lds 30 57 |180 ay for more particulars. 
Nati oalara " aes veee[8L 51 (181 27 Patonterey Fort..../36 364 |121 53 
; isaki, W. Pt. Pt. Conception. .../384 31 [120 30 
Gupe Farewell. )40 31 [iz 47 Sikok Island... 3318 118217 |gin Juan......... 3253 {117 44 
Maper Firewelt.... . 7 Niphon S. Pt...... 83 25 135 47 |g, Diego, Pt. Loma] 32 33°8 117 147 


Cape Foulwind....}41 46 /171 29 “ N. E.G. Nambu! 41 23 «+1141 30 ’ = 
‘ ‘ BE ee tebe nee ' . Colnett, S. W. Pt.) 3059 |116 15 
nn ee teh 25 | ONY Pees 22148 82)" (140 BD pe hag Maree ; 


Bold Head. eeesece 42 57 170 40 C Greiv,. Maat eels 4! 9 140 8 : one eee 
Cape Paterson.....|45 24 (166 30 Wimawn Peamontone N. Head... vee 27 39's {114 535 
Cape West...... --(45 56 |166 8 W. Pt *l39 52 1139 38 C. St. Lazaro Mount 7 
Pt. Macquarrie,....)46 20 |168 10 | Zach Mt........../35 25 ‘[132 20 |g Bane oy 28 9 109 re 
| C: see eres 47 iyi 167 32 en » Palmo.. ..eeeeee bp } 
mrdieiietig eae N. Le 46 25 |169 55 apece Halhot Gniiernin ! 
Saddle Hill. . 145 55 IL70 81 Tay MLTR peteomar a <A a § es Td 
Kist extreme Pt Pt. 43846 |173 14 1G Spanberg... 2... 4485 11460” ae A es ay: ze # ee ” 
Mt. Vako, a high pk. 4] 42 174'25 N. extr. OC. Soya. jee 45 81 141 51 C o ADE. « o ose me Ey ; 10 Pa 
Pt. Hardy, Nelson's “ C. Malespina......|48 42 {14118 PI as patie ea 20) 2 8 ROL TOO BO 
naa “ entr. ye Se a “t Pyramid Rk. off the t. OSL. ee ee eevee sl! — < ‘ sae 
Nelson, Aglionby pt}/41 14 {173 16°] ON. K Pt........14617 |150 30 dexies, West Cor 
C. Egmont, or B Mn iexico, sdk ara 
M. Egmont, 8.9000 f/3915 |174 4 Kamtschatka. hh ae Re z om Hh oa | 
Entry Isld W. Pt. re Mazatlan Custom H.) 23 11°8 |106 23°7 
Soh ft.. cael AOL LTS. BB Kronotsky De < 10.610 San Blas Arsenal. .} 21 32°5 {105 155 
Port chilean, Den Tent ae oe ae sl ctete 5445 (160 38 | Mt. St. Juan, 6220 ft 
earrow Head. ...(41-27 1174.53 | Kluchevsky voleano 6 leagues inland.}21 27 j104 565 
Black Hd i . $4014 1176 55 16500 feet ..... 56 8 {16041 | Port Navidad sum. 
C. Gable.........,[38 31 [178 96 | Behring Isl'd W. Pt/55 17 [165 46 | © Sonth Head..... 1912 |to4 46 
Me Wwtaii.... - 3755 178 16 S. Pt|5421 [166 44 | Colima Voleano 12- 
Mt. Edgecumbe 38 0 (177 2 | Copper Isld.S. Pt..[54 33 [168 11 000 fect........ 19 25 |108 38 
. fo] eee e 


Cuvier Isldsm....)3626 |175 42 z Acapulvo, Fort St aad 
Auckland flag stat¥.| 36 515 |174 45 N. W. Coast of N. America. Diego..... vee 116 50°8 | 99 52 


CO. Tewara Pt...../8551 17485 | = NW O=Gleentral America. 


C. Motou-aro......,/385 26 {17427 |C. Douglas EL Pt.. 158 54. (152 51 | ——_____ iB pee ag 
Wangaroa Hb.N.hd/35 0 (173 45 | Mt St Ep uuooan 5922 |153 0 | Libertad yill fl Bh .st..)13 30 [89 17 
Mt. Ohoura or Uamp- C. Elizabeth, E. Pt}/59 9 [15118 | Pt. Conseqhina Vol- 

bell. ......0.64,8449 (173 2 | Montague Isl’ i Port cano, 8300 feet. . 12 58 87 37 
C. Otou, or N. Cape] 34 24 [173 1 Chambers, E. cove} 60 16 {146 50 Volean, Viejo 5562 i 12 41 86 58 
Three Rings. 1. one. 34.138 [17210 | “ S. Point........159 46 [147 30 Port St. Juan 5. bluff} 11 15-2 185 53 
Mt. Manganni....../385 52 |173 40 | Mt. St. Elias, 14.917 
Lymond’s Hb. Bea- , feet, seen 50 L. off/60 17 140 52 Panama. 

eon Bluffi.......87 6 {17432 | Mt. Fairweather.../58 54 |187 38 | Bahia Honda Seuti- 
Kawia Harb, Alba- C. Fairweather...../58 51 1137 50 nel Isl'd atent...| 7 43:5] 81 31 

moeuoss Pty...... 174 52 !C. Edgecumbe..... 135 45. ° Pt. Mala. ee. eaes - (le 80 2 


242 
NAMES OF PLACES, 
Panaina, N. FE. Bas- 


Lat. N.| Lox. W 


/ 


Liggett: <¥5 Sees} 6 0691 19 SIZ 
C. Corrientes......] 583 | 77 29% 
IsP'd Gorgona, N, pt. 

1296 ivebtfo a... pyres no 


Ss. 
OoPassado....4. aM and op 
CASt Doreuzo.. . Ls38 
Guayaquil Arsenal.| 2 12°4 
Saddle of Payta, 
PAL SU LC Chictacsetet amen o 
Eten fill 640 feet 

MV MAVENS oes Coe .| 6 5d 
Mt. Sulivan 5000 ft. 

17in. inkind..... WAY 
Truxiflo Ch, 14m. 

inland s ear. S75 
Guanape Hill, 700 ft § 27 
Mt. Division 3 pks 

1880 feet....... 911. 
Mt. Mongon summit. 

8900 feeb eee. 2 9 88 
Darwin pk., 5800 ft} 10 30 
Peseador Isl ds large} 

ONES Cr awe te ws 11 47 
Lima Bridge...... 12.3 
Callao Arsenal fl. st.) 12 4 
San Lorenz» Island, 

APSA ator 

C. St. Lorenzo. ../12 4 
Chincha Isl'ds N, ptj13 38 
Mt. Quemado 2070 ft; 14 20 
Mt. Camana (like al 

furans aeeeree 16 37 
Islay, port of Are- 

quipa Custom H}17 0 
Morro of Sama, 8890 

os nd BA CMR ERTS TB ET) 
Ariens mole....... 18 28 
Carraseo Mt. 5520 ft 

4m. inland. . .|20 58°5 


Cobija Pk. 33: 30 feet] 22. 32 
Mt. Mexillones 2560 
feet, 8m. inland. .}23 65 
Mt. Moreno 4160 ft) 28 28°5 
Grande Pt. W. sum- 
mit, 1572 feet. 24 
Port Calder W. fi I 2 
Copiapo (landing pl.) 2 
Gerradura Point...|2 
Guasco port...... re 
Coquimbo Signal hil 
Mt. Edward's [oj 29 ¢ 
Mt. Talinay, 2800 ft) 3 
Valpara’so Lt. on N, 
We Pts fort St 
Antooio., Pech, 3 
Aconenzua 23,200 Ft 
25 leagues inland 


Bell of Quillota 6200 


ft. 7 leagues inlnd) 82 57:2 


Taleahuan», Fort} 
Galvez.... Ae Ar 36 42 


Concepcion C ty mid, 36 49°5 


Paps of Bio Bio, S00! 

feet S. W. summit $6 48 
Moeha Isld sumuniit, 

1250 feet....... gg 93 
Valdivia Citv mid. 139 49 
Chayapiran Volcano 

8000 feet.......|42 48 
Coreobady Voleano, 

A feet. oc. ss. 
Chiloe Island, W. ptl43 17 


32 385 


43 113 


77 20 
77 6 
U3 


TABLE VAIS 
NAMES OF PLACES. me Loy. | 
Huafo Tsld, N. W: 


Pt. 800 feet.....]48 86 | 74 49 
C. Taytao, 3000 feet 

W.. Point <6. 6.501 45:63) 708 
C. Tres Montes 2000 

Eero be eS A 46 59 5 28 
Port Otway, 5S. ent 

BUI Nts be cutee 46 49°5 | 75 18°2 
Dome of St. Paur’s, 

OIS4 feeboleeeak 46 36 {75 14 
Port: Sta. . Barbara; 

We Henadic,)06%/0, 48>. 2°) 715.30 
CO. Montague W.eliff/49 7 | 75 37 
©. Three Pts. 2000 fi}4U 2 75 21 
Disha, Peck Cees 52.45 i448 
Westminster Hall. .}52 87 | 74 24 
Che Widsendorisd cece? 52 55'S | 74 388 
C. Noir, 600 ft. S. pt d+ 30 13 6 
C. Desolation Pks, pt}54 46 | 71 87 
York Minster..... Door MLL OMTO. 
Diego Ramirez Isl'd 

Wide. Fe et 56 25) «=| 6S 44 
[kdefonsa Isl’d 100 ft 

middle ev. Stel 55°52. 169.19 
False C. Horn..... 90S 68 6 
Orange Sit Brunt 

Waid 1 d0v a O78 WOR rie 
Cape Hort 500 leet 1}55 59 167 16 


islands in 8S. Pacific Ocean. 


S. Ki. 


5719 Bishop and Clerk. .|55 15 [158 56 
7628 |Macquarrie Isl’d, N. 
76 11 Rointeeceaecse eer 5419 {158 56 
Campbell Isl'd, 1500 
72 45 feet S. harbor, N;: t 
Head , 52 344/169 12:7 
72105 }Auckl ined Tels. Ss. 
CROLL Ese ae al 5056 {166 7 
4056 {* W. extreme..... 5050 {165 55 
70 24 |Mt. Eden, 1325 feet] 50 85 {166 10 
Enderby Isl'd E. ptj 50 30 {166 19 
70 10 Penantipode Island. 
70 18 SHTML aiersh ls, sisie ree 49 82 1179 42 
Bounty Islands ...j4744 179 7 
70 35 S. W. 
70 38°53 [Chatham Islands, S. 
Isle, like a Pyra- 
70 84 HTK Leh eeu se ate 4420 |176 4 
70 56:2 |Juan Fernandez Isld 
Tia N. side Cumber- 
7116 land B. Fort..../388 87:6] 78 53 
7119 {I S Pt. Sta. Clara 
Island.. Ut BBA, ckuae 
7119 (St. Win bihees Vis. 10) 
71 42 leagues W. Pt...) 26 21 -| 80 10 
Easter Island, N. E. 
Penk, 1323 feet../27 6 [109 17 
71 41°5 | Piteairn Island 2500 
Feet 2 Weenies ns evoke 25 86/|180 8 
70 1 JGambier’s Isl'd, Mt. 
UBT (are at, tape eee 93 § 1184 55 
4110d]Enearnacion Island) 24 45 {156 40 
Sts Lin Oseractascs 21 29 |143 50 
73.102 }Aurora Isl’ T 250 fi. 
"3 631. N. Point. ......./15 50 [148 11 
Otaheite Isld, vis. 12 
73 15 1, Pt. Venus fl. st} 17 292 j149 29 
© Summit 7000 feet} 17 89 [149 80 
73.59 | Papeta Harb. fl.st} 17 62-1 [149 34 
73.19 |Eimeo Isl'd perfora-| ¢ 
ted Pk. 4041 feet} 17 80 {149 47 
12:34°1 Marques: is I. extr. 
Ariadne Rk. 10 ft.) 10 21 |188 29 
7249 {* Madalena T-land 
74 26 3700 feet S. Pt...110 81 [188 48 


W. 


NAMES OF PLACES. = % = box. ‘ Ma 


St. Pedro Isl’d 1700 


feet, E. Pt......| 957 [188 46 
Sta. Christina 3000 f.| 9 56 {189 10 
Hood Isl'd 1200 ft..} 9 25 [188 57 
Washington Island, 

20001. S:. PR 8 56 189 33 
Nukahiva, 3600 feet.) 8 55°38 |140) 6 
Robert's Is’'d 2000 f| 8 O 1140 48 
Norfolk Island Mt. 

Bit 2000" fizsew 2858 {167 46 
Verraders Isl’'d 2006 

TOP ats cies ele ¢ Bisle 15 64 111s 484 
Mauua Isl’d, 2500 ft. 

Bittle Nes vcceate 1415 {169 26 | 
Apolima [sl’'d 472 f}/18 49 [172 8 
Horne Islds, 2500 ft} t418 1178 18 
Pylslaart IsPd 700 fi}23 84 [176 4 
Koa Isl'd 600 ft. mid} 21 24 j174 57 
Kao Isl'd Pyr,5000f}19 42 |175 0 
Tofona IsPd, 2800 ft) 1945 [175 8 
Lutte Isl’d, 1600 ft.. sats 49 174 35 
Lakaniba [sv d, 1200 

fond Gaal ‘i814 |178 61 
Niau I.seen 15 Lsin{17 59 {179 2 

Fejee Isiands. 
Vaniua Levou bl. 2070 

ft. K. or Undap...|16 8 179 55 
“ Danas Peak. ...)16 46 |178 49 
Moala Isl'd, 1800 ft. 

Be Phe the d e e cc bee ee 
Mitre Isl'd, vis. 41..11 55 |170 9 
Ticopia, vis. 10 leags! 12 21 |168 48 

New Caledonia. 
S. E. 
New Caledonia, E. p} 22 16 {166 55 | 
CO, Calnetia ey. jae 20 29 }164 44 
“oW. extr. Pt. Ton- 
NEEVCL. vere patel 20 24 {164 0 
New Hebrides. 
Tanna Isld, Cook’s i 

Pyramni CW ee 19 30°9 {169 28°7 
“ Voleano, 4 m. in 4 

PUN eta eel eles 19 31 {169 24 
Sandwich Isl’d 8. W 

Bisse tees 11745 j168 9 
Pelithauts Isl ds. nt. 1559 |168 19 
Vanikoro Isl’d, sum. 

SUSE .-.{11 37 - 1166 49 
Volcano Isl’d sum. .]10 23 {165 49 & 

Solomon Islands. 
Guadaleanar Istd ET =~] o* 

Peale ....| 950 |160 54 § 
“ Mt. Lammas. . : 50 |160 20 § 
Isabel Isld, S. Pt. C. 

Prieto tele 8 34 159 54 
“MM. Marescot, 3901 

feet; Siser ws 814 |159 33 
Euddystone Rk. 1036 

feet ete 818 j156 $1 
Bongain™ille Isl ‘d Mt 

Balbi, 10.062 ft. 5 

L: inland. )..9.¢% 5 56 {154 29 
N. Pt. C. VAverdi..| 530 |155 4 
Bouka Isl'd, N. Pt..) 5 1 [154 40 

bs Sumnit. . 518 ‘154 39 
Garret Denys, 3200 | 

ft. the highest of 

these Islands. 8 4 {152 34 
Gardner's Isl'd, 2000 

ft. N. Pes. 2o ee | 234 | 51 54 
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New Ireland. Galapagos Islands. Lar. N. Lox, W. 


NAMES OF PLACES, 


ros . u . 7 Tcl’ oy) 5 
NAMES OF PLACES. Ear. . S. me 3 |Los. E- NAMES OF PLACES. ge ) or A oe es hae ae a 7 7 a 
New Ireland, FE. Pt. Chatham Isl’d, 1650 Wonahoo Isl'd, E. Pt} 21 20 157 37 | 
C.St. Mary.....] 4 2 7153 18 ft. E. Pt. Met. Pitt. “ S.or Diamond pt| 2115 |157 48 : 
i“ Cape St. George.| 4.51 [152 55 800 feet........| O44 §9 20 | “ Honoruru Fort. .|21 182 |157 55 | 
a “ S. side watering- “ S. W. extreme...}2117 (158 7 
New Britain. place... CaO ; 0:564.)'89 83-4] © WoPt Soo... 9136 |158 15 
Teo roncag FAG Charles Isl’'d 1780 ft GaN Uhenta ts ane ot 2143 {157 58 

PN. Pt. C. Bien | 412 [152 0 Post-Office on N. Atoor Isl'd, E. Pt...}22 8 {159 20 

qs. ee & Orfore got lis 4 W. side, Daylight “ Hanalae, B. Brit. 

De ee Bye tie aa fu Posescwar aston 115-4 |, 90 31%] Cons. E. side.....[22 14 |159 827 
eerste to | ot g, [Gardner Isld, 760 fy 121 |) 928 |“ N. Pisco... .-.-122.16) [150.81 
Gloucester, © p gh ae 148 °3 l Albemarle Is, 3780 Oneehow Island, FE. 

p Lotten Isl, above on |147 36 | ff: Iguana Cove, taWirden ents vent te wns POO US 

8000 ft. .... ++ oe peG ES WW. aidecn nai 059 | 913825)" S. Pi..........{2143 [160 18 
i pari above 4000 oc Ae Neier aaa “300 

aohitee pk. 3m. Isl’ds in the N. Pacific Ocean.|  fect..........- 23 34 [164 87 
Wid: is 5/151 98 Rica de Oro Rk, or 

inland... sees N. W.| Lot's wife, 850 ft.}29 61 [157 4 
Redondo Rk. 85 ft. | O 14 91 40 | Voleanves, 3 Sulph'r 

( N. Coast of New Guinea. Towers Isl'd, 211 ft. Islattdsia. serch 2148 {141 20 
Cape Rodney...... jlu 2 l4S3u |] EP. 021 | 90 0 |“ N. Isl'd San Ales- 

Cape King William Abingdon Isl'd S. pt. sundro,. .. os 2514 {14118 

13000 ft.......: 616 |147 40 mid. 1980 ft... 0384 | 9049 |“ S. Isld, ‘San Diet 

{| Dampier Isvl5v00 tf} 440 1145 58 | Wenman Isl'd, 830 ft} 1 23 91 54 nisio, 396 feet... . 94 299 ‘141 28 

Vulean Isl'd, conical) 4 6 [145 1 [Culpepper 1.550 ft} 140 | 92 4 |Forfana Island..... 25 34 {143 0 
AGarnot Isld, conical) 3380 [144.35 | Malpelo Island sum. Rota Isi'd, 800 ft. K. 

FD’Urville I-lPd) pk. TIOG TES Cee 4). Os 81-82 era ctelesiedis es 6s 14 9 (14518 

near W. end.....{ 3 20°1 143 31-2) g corre Isl'd, 2000 ft AeaiRibtoR Island 19 41 {145 27 

Mt. Julian, 2 Linkvd) 4 6G |144 26 Se nepe swe ek 18 43 |110 52 DOSMT AU. ws Wesraic > 
Eyries Mt. very high Benedicito Isl’d 1100 Guam Isl’d, N. Pt..}18 89 [144 53 

F sum. 3 1. initwud. 250 |14115 foot mike ooo. 1920 111085 |Oalan Island, Mt. 

j Cyclops Mt. vis. 20 , Guadalupe Isl’ds, W. ae about 2000 

ORULINT tery nee. 5's's 231 {140 30 one, 8400 feet... .)28 54 1118 20 LO ase OY tates 519 {168 4% 

Lesson Isl“d, a high SEE | Mane A Tslands, 

OMNES. satis’ SD. OT Sandwich Islands. Se One r.taie cytes 618 {16047 

Jobie Isld, vis. 20 1. : r Pouinipet Isl'd sum. 

Ebi Gave oe « t's 148 {186 50 JOwhyhee Isld,S.p.}19 5 |155 49 S86 his hie eee! 6 G2 Las SAE I 

Arfak Mts. S. one. * Mowna Row Mt. The highest land yet 

yl eh gts a re 1) 8.9 1133 54 13.175 feet.......|19 28. 155 38 diseovered is Mt. 
een. one, S610: fect} 1 76'1 4183/54 1. Bast Pts... ou... 19 84 |154 55 Erebus, whieh is 

Bee-hive Mt....... 4s 18s Cote West Pes foc A 42 56.46 12.400 ft. above 
Mt. Diceras, 8 m. in- Mowee IJsl'd, E. Pt..|20 44 [145 58 the sea, and is an} Sh K. f 

Wienke a lha ve 3a: 132 15' | “© W. sum. 6126 ft.) 20 43 1156 14 active voleano in. ln7 38 38 {166 68 § 
@ 


fo44 


Maine. | 


“a Seal Island Lights.| 44 29 
Libby Island Light 44 34 
Baker’s Island Lt..| 44 14 
Petite Manan Is. Lt.} 44 22 
Isle au Ilaute..... 43 59 
Cashes Ledge.. ..}42 56 
Manegan Isi’d Lt. .|43 45 
Penmaguid Pt. Lt..[43 45 
Bantam Ledge....}43 44 
Seguin Island Lt...}43 42 
Cape Small....... 43 41 
Cape Elizabeth Lt.) 43 34 
Wood Island Light] 43 28 
Goat Island Light. 43 21 
Cape Neddeck ....143 10 
Boone Island Light 437 

New Hampshire. 
White Island Light} 42 58 
Portsm'th Outer Lt.! 43 04 
Great Boar’s LHead.| 42 55 

Massachusetts. 
Newburyport Light 

on Plumb. Isl’d..{42 49 
Annis Squam Lt...|42 40 

| Cape Ann........ 42 39 
Gloucester I{r. Lt.| 42 35 
Baker’s Island Lt..}42 32 
Nahant, east pt. o 

Boston Harbor. .| 42 25 
Scituate Har. Light; 42 12 
Brant Pot. 32 2, 42 05 
Gurnet Pt. Lt., ent. 

to Plymouth... .|42 00 
Beach Pt. Lt, ent to 

Barnstable Bay .{41 44 
Race Point Light, . 42 04 
Nausette Light... .}41 52 
Chatham Ir. Light} 41 40 
Great Point Light.|41 24 
Sankaty Hd. Light.}41 17 
Smith’s Point..... 41 18 
Cape Poge Light. .| 41 25 
No Man’s Land..../41 15 
Gay Head Light...) 41 21 
Cuttyhunk Isl. Lt..] 41 25 
Sangkornet Point..| 41 27 
Nantucket Shoals. 
McBlair’s Shoal ...|41 24 
Old South Shoal...}41 04 
Davis’ Sho. Lt. Ship} 40 57 

Georges Shoals. 

SUE Hoinks are 41 33 
v. Point...22%.355 41 42 
N> EG. Péinta ue oe 41 48 
North Shoal...... 41 53 
Third Shoal....... 41 51 
East Shoal........ 41 47 

Rhode Island. 
Brenton’s Reef. ...!41 26 
Beaver Tail Point. 41 27 
Watch Ilill Pt. Lt.}41 18 
Block Isl. S. EK Pt..J.41 09 

New York and 

Connecticut. 
Montauk Pt. Light.) 41 04 

4 Fire Island Light../40 38 


CONTAINING THE POSITIONS OF PLACES Out IN TABLE XXXIX.) ON TITE COAST OF 
THE UNITED STATES OF AMERICA AND WEST INDIES, TAKEN FROM 


THE LATEST SURVEYS. 


E. Coast of U. S. of America. ‘ 
har i Lar. N. Loy. W. 


New Jersey and 


Lat. N .|Lon. W. 


— 


Jamaica. 


} Pennsylvania. Morans Pi Lt ta17 
67 06 Barnegat Light ...|39 46 | 74 6 [Portland Pt....... 17 
67 23 [Little Fg¢ Hr, o Sears poral 18 
68 08 | Tucker's Isl. Lt..}39 80 | 74 17 |Morant Keys......!17 
67 52 JChincotesgue Lt...|37 55 | 75 21 |Portlan Rock....../17 
68 36 Carcli l Pedra Shoals, N. Pt.) 17 
68 51 gles a edhe South Rocks, above 
69 17 Georgia. WHIEES 2.0. Seo 16 
69 28 {Currituck Inlet... ./36 23 | 75 55 Camanbrack, FE. Pt.) 19 
69 86 |Boddy’s Isl’d PEM 35 47 | 75 32 [swan Isl., E. Pt.../17 
69 44 JOcracock Light .../35 7 | 75 58 
69 50 |[Doboy Bar....... 31 20 | 81 22 Cuba. 
70 11 'Amelia Isl’d Light./30 40 | 81 36 [Trinidad........., 21 
70 19 | Jardines, S. E. Key.) 21 
10 25 Florida. | Cape Antonia Li 3 21 
70 36 J5t. John’s Light...|30 20 | 81.33. [Pt. Ilyecos Lt.....| 23 
70 28 |Carysfort Rf Lt. Sh.) 25 13 | 80 13 jFrench Cay, N. Pt.[22 
Sand Key Lt. Bea.; 2+ 27 | 81 52 |Neuvitas Lt.......| 21 
Cape Romano..... 25 51 | 81 56 1Pt. de Mulas....../ 21 
70 38 [Carlos Bay Ent...}26 32 | 82 15 [Baraco........... 20 
70 41 [lampa Bay Ent. Lt.|27 35 | 82 47 |Cape Maize....... 20 
70 47 |Dog Island Light. .|29 46 | 84 48 [Cumberland Hr...} 19 
Cape St. Blas Lt..}29 40 | 85 28 St. Jaco de Cuba Lt.| 19 
Islands in the West Turks and Caicos 
ho 49 Indies. Islands. 
40 41 |Barbadoes N. Pt.../13 19 | 59 45 [Baho de Navidad. .| 20 
70 35 |Martinico S. E. Pt.) 14 30 | 60 50 Silver Key Bank, 
70 39 |Mariegalanta S. Pt.}15 52 | 61 24 We ends. hoe 
40 47 |3aintes Isl’d W. Pt.} 15 52 | 61 46 Ne eUG.cn 324 20 
Guadaloupe, Petite N. E. end... .|/ 20 
70 54] Terre Light.....)16 10 | 61 7 [Square Handkere’f, 
70 43 St. Austatia, N. Pt.}17 32 | 63 5 S.-W. end..../ 20 
40 38 Saba, W. Pt....... 17 39 | 68 19 N. E. end... .} 21 
Aves or Bird Island, Grand Turk Lt... .} 21 
TO.S6 i eee. cee 15 41: | 63 37 Salt Key......... 21 
Berbuda, N. end..|17 483 | 61 52 jSand Key......... 21 
70 16 |5t. Hist akg N. 17 54 | 62 48 |Philips’ Reef...... 21 
70 15 JSt. Martin’s,S. E.Pt.)18 5 | 63 5 IN. W. Cayeos ..../21 
69 57 jAnguilla Custom II.|18 13 | 68 4 [West Caycos...... 21 
69 57 |Dog & Prickly Pear| 18 17 | 63 17 JSouth Caycos..... 21 
70 03 JSombrero ........ 18 36 | 638 28 
69 57 |Virgin Gorda, E. Pt.|18 30 | 64 14 Bahamas. 
"0 17 Senta Cruz, E. end.|17 45 | 64 34 |Gt. Inagua, S. W. 
40 27 {Frenchman’s Cap. .|18 14 | 64 52] end............ 20 
70 49 J Sail per a Aas at 18 16 | 65 8 |Hogsties, E. end.. .| 21 
70 5@ jCrab Isl., E. end...|18 7 | 65 18 |May aguana, E. end, 22 
"0 57 'Porto ee Saint Soe end rs.) oe 
7111] Juan Lt.. (18,29. 66 7 Rea Key, E. Pt.| 22 
Pt. Brugen, or N. Aclin’s Isl., N.E. end} 22 
Re te anal hE nek 18 32 | 67 8 {Bird Rock, N. W. 
69 48 |Cape Roxo........ 17 56 | 67 10 endofC rooked Ia. 22 
69 51 |Monico Island.....{18 9 | 67 56 |Miraporvos,S.E end} 22 
69 51 |Zecheo Isiand..... 18 24 1 67 28 [Castle Isl......... 22 
: Atwood’s Keys, E. 
St. Domingo GIN ee eee 23 
67 39 Island. Watling’s Isl., N. E. 
67 59's Saone Isle PEs. 11ST Dar GRas 1 ewe bs. tek oe eee 24 
67 47 {Beata Island...... 17 87 | 71 82 {Conception Isl., S. 
67 43 JAltovela.......... 17228 Pa hat. ee eee 23 
67 26 |Cape Jaqnemel....;18 18 | 72 33 jLong Isl., N. Pt...) 23 
67 19 |[slea Vache, E.end.J18 6 | 73 81 Eluethera Tsl’d, s! 
Navassa Isl., Mid..)18 25 | 75 8] Pt.,—Ship Chan’lj 24 
Jeremie see. hs. sc 18 40 | 74 5 |Harbor Isl., N. end.| 25 
41 21 IC. Nichola, Mole ..}19 49 | 73 27 |Gt. Abaco, N. E. 
41 24 [Tortuga, FE. Pt....)20 1 | 72 36] Pt. (keys off.). . .| 26 
71°51 (Port Paix tee 19 56 | 72 46 |Mantanilla Reef... .| 27 
71 $3 |Pt. Picolet........]19 47 | 72 12 [Memory Rock..... 26 
Grange Pt........ 19 56°} 71 42 |Gt. Bahama, S. E. 
Port de Plata..... 19 46 | 70 46] Pt.. ie lg eet ee 
Old Cape Franeois.|19 42 | 69 55 Stirrup “Keys trees 25 
71 51 jCape Samana..... 19 18 | 69 6 Berry Isi., E...... 25 
73 18 Cane Ranhael.....}19 8 |! 68 50 range Keys N.end. 23 39" Keys N. end 24 


56 
44 
16 
26 

7 
40 


50 
45 
25 


Age. 
Lat. N.)Lon. W. 
° ’ °o , 


Se RR GT TP EP a eee eas 
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Lat. N.|Lon. W. Lat. N.!Loy. W. Lar. N./Loyx. W.} 


21°32 
20 35 


Ridding Rocks, S..|25 12 | 79 10 Isl. Contoy, N. Pt.. 86 51 |Little Curacoa....[12 2 | 6& 38 


Isl. Cozumel, N. Pt. 


i 


| 86 44 [Buen Ayre, N. Pt..}12 19 | 6 31 


Mexico. South Pt..... 21 15 | 87 00 |P. Rosa Light.....J12 2 | 65 17 
Pasa de Cabello...} 28 20 | 96 22 JN. Triangle....... 18 46 | 87 20 [Bird Island, E....]11 57 | 67 32 
Brazo de Santiago.|26 6 | 97 12 South end....}/18 23 | 87 20 Western end .}12 00 | 67 46 
St. Fernando River, Mauger Key Light.|17 36 | 87 46 |Laguira.......... 10 37 | 66 56 
BIG rs a etelorwi aie ..{25 20 | 97 30 |Turneff Reef, S. Pt.)17-10 | 88 00 [Cape Codera...... 19 36 | 66 8 
tiver Tampico, ent.) 22 15 | 97 48 [Half Moon Key Lt.}/17 12 | 87 34 [OrchillaIsl,W.end.}11 50 | 66 14 
Uape Rojo........{21 35 | 97 20 [Glover's Reef, N.Pt.,16 55 | 87 45 [Blanco Island, N..}11 55 | 64 37 
} Tamiagua Bar..... 21 13 | 97 17 {Cape Three Points.|15 58 | 88 38 |LosHermanos, S. Pt}11 42 | 64 29 
Goea de Lima..... 20 30 | 96 57 jUtilla Isl., E. Pt...)16 7 | 86 53 [Tortuga Salada, Ey 
Alvarado Bar..... 18 47 | 95 48 |Rattan Isl., E. Pt..116 27 | 86 12] Point....... .- [10 53 | 65 15 
Pt. Morsilos....... 18 3 94 54 West Point...)16 17 | 86 88 |Margarita, E. end..{11 00 | 63 50 
SRTELE Ot eate netste/s 18 10 | 94 32 [Barburet Island...}16 26 ' 86 9 |——W.end...... 10 58 | 64 28 
River St. Ann..... 18 11 | 93 51 jCape Camaron,.. }16 00 | 85 3 |Testigos Isl., mid..|/11 23 | 93 10 
[sl]. Carmen, W. Pt.J 18 38 | 91 48 . Dragon’s Mouth— . 
isl. Real, W. Pt. .[18 52 | 91 22 | Yew Granada, Point Pera ....../10 44 | 61 53 
a Port Sabanilla, ent.}11 1 |75 1 erpant’s Mouth,— 
Yucatan. Hacha .....}11 83 |%72 56] Point Yeacos..../10 4 | 61 58 
Beoriedras....... 21 11 | 90 10 !Cape La Vela..... 1ZA10 79814 : 
Bocos Del Rio La- Pt. Galinas.......112 25 | 71 44 Guiana. 
‘gartos..........{21 36 | $8 14 [Isl. Oruba, N. W. Pt. 12 36 | 70 12 [Mouth of Essequibo| 7 00 | 58 18 
Vos Arcos......../20 13 | 91 59 S. E. Point...;12 24 | 70 1] —LeauwanIsl.. 
Bajo Nuevo........J21 50 | 98 6 [Cape St. Roman...{12 11 | 70 7 [Cape Nassau......} 7 36 | 58 56 
Pe prennas,.. 32... 22 8 191 25 [Curaco Isl., N. Pt..J12 21 |69 10 [Pt Baja. .........) 9 25 | 60 48 
Mugeres Isl..S. Pt..J 21 13 5 §St. Ann’s Bay..... 2 54 
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Catered eccording to Act of Congress, in’ the year one thonsand eicht hundred and fifty-seven, by JAMES If. BROWNLOW, fa 
tne Clerk’s Office ef the District Court of the Uuited States. for the Southern District of New York. 


NEW TIME TADLES 


WHICH FURNISH THE SHORTEST METHOD OF FINDING THE TIME AT SHIP (AND THENCE 
THE LONGITUDE BY CHRONOMETER), AT ABOUT 8 O'CLOCK IN THE MOKNING, 
OR 4 O'CLOCK IN THE AFTERNOON, 


Ly Taxus Il. Browxtow, Teacher of Practical Navigation and Nautical 
Astronomy, 92 Madison Street, New York. 


EXPLANATION AND USE OF THE TABLES, 


TaBLE A, 1N Two Pants. 


Tuk first part contains the True Altitude of the Sun’s centre, at the instant it is 8 hours, A. M., or 
{ hours, P. M., apparent time, when the Latitude and Declination are of the same name. The second 
part contains the same, when the Latitude and Declination are of different names. ‘These tables are 
entered with the degree of Declination at the top, and the degree of Latitude at the side, and the angle 
of mecting gives the True Altitude required. If there are miles of Latitude and Declination, two pros 
portious are uccessary, which may be made either mentally, or by the aid of Table B. 


TaBLe B, 


For finding the proportion of Altitude for the miles of Latitude and Declination, as follows: Enter this 
lable with the difference of Altitude for 1° of Latitude at the top, and the miles of Latitude at the side, 
and the angle of meeting gives the proportion of Altitude required, in miles and tenths, which must be 
added to the Altitude taken from Table A, if the Altitude was increasihg with the Latitude; or sub- 
tracted, if decreasing. Again. enter this table with the difference of Altitude for 1° of Declination at the 
top, and the miles of Declination at the side, and take out the proportion of Altitude. to be added to the 
Altitude taken from Table A, if it was increasing with the Declination, or subtracted if decreasing, will 
give the truc Altitude of the Sun’s centre, from which subfract the joint correction tor Semidiameter, Dip, 
&e.. (which is usually taken at 10’) to obtain the Observed Altitude of the Sun’s lower limb: now set 
the Quadrant to this Altitude, and when the San arrives at it. note the time by Chronometer. to which 
apply the error, if any, and you have the Mean Time at Greenwich, and Apparent Time at Ship, which 
is either 8 hours, A. M., or 4 hours P. M. ‘To the Apparent Time at Ship apply the Equation of Time, 
which will give the Mean Time at Ship, the difference between which and the Mean Time at Greenwich 
is the Longitude in time, turned into space at the rate of 15° to the hour, or 1’ to 4 seconds of time. 


EXAMPLE. 


September 10th, 1857, in Latitude 30° 29’ N., and Longitude by D. R. 60° W., the height of the eve 
being 18 fect, required the Altitude at which to set my Quadrant, so as to observe the Altitude of the 
Sun's lower limb at 8 o'clock in the morning, Apparent Time, and by noting the time by Chronometer, 
find the Longitude. ; Dies? 

The Sun's Declination on September 10th, is 4° 52’ N., and Latitude 30° 29’ N., being of the same 
name, | enter first part of Table A with 4° of Declination and 30° of Latitude, which gives the Altitude 
27° 50", and under the same degree of Declination. but opposite 31° of Latitude, the Altitude is 27° 37%, 
which gives the Difference of Altitude for 1° of Latitude to be 13’ decreasing. Again, entering Table 
A, with 5° of Declination and 30° of Latitude, gives the Altitude 28° 21’, whieh giyes the Difference of 
Altitude for 1° of Declination to be 31' increasing. Now enter ‘Table B, with 13’ at top, and 29° of 
Latitude at the side, and take out the proportion of Altitude for 29’ of Latitude, which is 6’ 3 tenths, ta 
he subtracted trom Altitude 27° 50’. Again enter Table B, with 31’ at top. and 52’ of Declination at the 
side, and take out the proportion of Altitude for 52’ of Declination, which is 26’ 9 tenths, to be added ta 
Altitude 27° 5". As the greater of these two proportions is additive, and the lesser one subtractive, 
take the difference between them, which is 20‘ 6 tenths (or 21’), and add it to 27° 50’, will give the true 
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Altitude af the Sun’s centre 28° 11’, from which subtract 10’ for Semidiameter, Dip, &c., gives tho 
Observed Altitudé of the Sun's lower limb 28° 1’, to which [ set my Quadrant, and when the Sun 
arrives at that Altitude, note the time by Chronometer ; which suppose to be 1illirs. 58m, 1Usec., A. M., 
Mean ‘lime at Greenwich, the Longitude is found as follows. 


Apparent Time at Ship...........-..+. 8h. 00m. GO0sec., A. M. 


Equation of Time, to subtract.....3.... 3 10 

Mean Time at Ship..... Ute a erent 1c ak BG 59 A. M. 

Mean Time at Greenwich..........eee-1l 58 10 A. M. 

Partaitude ii Pine'ie' sey <> o> othe eee aeieel A l 20 in degrees GO° 20’ W. 


Reaank.—As the above method of setting the Quadrant {to the Altitude, and waiting untit the Sun 
arrives to that Altitude, may be considered somewhat inconvenient, Table C has becn constructed to 
obviate that necessity. 

© 


Tasie C, 1x Two Parts. 


The first part of this table is used when the Latitude and Declination are of the same name: the 
second part, when they are of different names. They are entered with the Declination at top, and Latitude at 
the side, and the angle of meeting gives the time (in seconds and huadredth parts of a second) corres- 
ponding to a change of the Sun’s Altitude of one mile at 8hrs., A. M., or dhrs., P.M. Tie Declination 
is given only for every other degree, as the change for 1° is small, and the proportion for the intermediate 
degree of Declination, or for miles of Latitude and Declination, can be made either mentally or by 
Table B, in the same manner as the proportion of Altitude is found for miles of Lat. and Dee. 

By Table C, then, we obtain the time corresponding to a change of Altitude of one mile at 8hrs., A. M., 
or 4lirs., I’. M. Now, if we observe the Sun’s Altitude within a few minutes of those times, say within 
10 minutes of them, either before or after, note the time by Chronometer ; and, after correcting the 
Observed Altitude, as usual to obtain the True Altitude, take the difference in miles between it and tho 
Altitude taken from Table A, and multiply this difference of Altitudes by the time corresponding to one 
mile, taken from ‘Table C, and we have the time either before orafter Shrs., A. M., or dhrs., P. M., according 
as the Altitude observed is greater or less than the Altitude taken from Table A. In the morhing, if 
the Altitude observed (after correcting it) is greater than the one taken from Table A, the time corres. 
ponding to the difference of Altitude must be added to 8hrs.; but if the Altitude observed be less, the 
time must be subtracted from Shrs. In the afternoon, if the Altitude observed be greater than the one 
from Table A, the time must be subtracted from 4dlirs.; but if the Altitude observed be less, the time 
quust be added to 4hrs 

Suppose, in the preceding example, the Sun’s Altitude had been observed a few minutes aficr 8 o’clock 
to be 30° 1’, and the time by Chronometer 12hrs. 7in. 39see., A. M., the work to find the Longitude would 
be as follows : 


BRMIDANA LOG \ os ves Vee goss sOerL The time corresponding to a change of Alt. of one 
Corr. for Semid., Dip, &e, to add.. 10 mile, at Shrs.. from Table C...... 4.74 
True Alt. by Observation........ 30 11 Ditferenve of Altitude............. 120 
True Alt., from, Table A......2.. 283 Il 60)568 89m. 28s 
PM OOA Itunes vessels sees) 27) On L20-miles, 40 

Tees 28 f 
Norr.—If the difference of Altitude does not exceed Note —Multiply the 4sec. and 74 hundredths by 


50 or 60 miles. it is enough, to take out the time from 120 miles, cut off the two right hand figures, and the 
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Kemark.—When the Ship is on the Equator, and the Sun is also on the Equator, that is, when his 
Declination is 0, the Sun rises and sets vertically. In this case, the Sun’s change of Altitude is uni- 
formly 1 mile in 4 seconds of time, throughout the entire day. But, under any other circumstances, the 
{ime corresponding to a change of the Sun’s Altitude of 1 mile, is more than 4 seconds. 

When the Lat. and Dec. are under 3°, the time from Table C may be sssumed the same for 2hrs. 
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TABLE A.—Parr I. 


This Table shows the True Altitude of the Sun’s Centre at the instant it is 8 o’Clock in the Morning, or 4 
oClock in the Afternoon, Apparent Time, for more readily finding the Longitude by Chronometer. 
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This Table shows the True Altitude of the Sun’s Centre at the instant it is 8 o’Clock in the Morning, or 4 
o’Clock in the Afternoon, Apparent Time, for more readily finding the Longitude by Chronometer. 
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This Table shows the True Altitude of the Sun’s Centre at the instant it is 8 o’Clock in the Morning, or 4] 
o'Clock in the Afternoon, Apparent Time, for more readily finding the Longitude by Chronometer. 
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This Table shows the True Altitude of the Sun’s Centre at the instant ies 8 o’Clock in the Morning, or 4 
o'Clock in the Afternvon, Apparent Time, for more readily finding the Longitude by Chronometer. 


> DS = ©& 


SC SC CG 


At 
45 
46 
47 


DECLINATION AND LATITUDE OF DIFFERENT NAMES. 


29- '94,.29 + 
28 34) 28 - 
28 37:28 
28 21,28 9 
28 3 


&r 


ae 
“ 


i 


Lo 


ca ite | 


ee Soe Soe ae 
bao | 
S. 


~~ a 
~~ Se 
— Woe 


= In Ww 


KX 
_—_~ 


te ncolts wm bo te tel es 


Ce ed er Ory = 


~~ 
+ 
~ 


ico 


to 
—+ ane 


S| ec) ey | 
i 

me Sl mI KX *% 
Nw bo ke 


| 


bo Ro BS bh he 


‘r= 
WM te ww WwW 
~ 


o 


Gs Sn te te = es er LS 


we we 


ose mer BS) Lt as, on Gs de | 
ts 


eo 


= iy wk hae Se Soe Core Come Ooms Comme Om Coen Oem Oo Oe Oe 
l 
tO hw 


19 


Se 


Ko 
2Y 
58 
28 
57 
25 
54 
23 
51 
20) 
48 


16 


10 4h) 9 
1@ 10] 9 
9 39 
9 8 


wr 
es 


{eerie ogy 
| aes 
' 


to ne be te 


te 
awe NW lk Uw 


iS th te bs po! eo te 8 be bs 
Sy Eg Sg a Ss) 
ee 


Ue 
wml w 


mite. ae 

7M Wt 
— _— 

ae a 

aie ie 

© Soe bs 

oa a 

-— we 


ot 


t 


cly 
13-16 
Ge 
es ee 
10 42 
10 11 
9 39 
sf esky 
8 35 
8:33 
TyvoR 
6 59 
} 26 


— — bo bo te 


te 
wr 


Ww 
wo 


Wenn 


WS tee te 


Lo 


Or bo Or bo 


te 
= 
-_— 


i hi 18° 19° 20° 91° 22° 23° 28 be 
o , ° ‘ ° , ° ‘ ° ’ Pirws Me ° ‘ 
28 34/28 24128 13/28 1127 50/27 37/27 24/27 11 
28 14/28 2/27 50/97 38/27 25/27 12/26 58/26 43 
27 53/27 40/27 28)27 14/27 0/26 46|26-31126 15 
27 32} 27 18127 4/26 50126 35126 19126 3/25 47 
27 10] 26 55/26 40/26 25/26 9/25 52/25 35] 25 18 
} 6 321/26 16/26 0125 42125 25125 7/24 49 
; 9/25 51/25 34125 16)24 57/24 38/24 19 
2|25 45/25 26/25 8124 49124 29124 9/23 49 
20/25 1/94 41/24 21/24 1/23 40/23 19 
55|24 35/94 14123 53/23 32/23 10/22 48 
30);24 9/93 471/23 25/23 3/22 40/22 17 
4123 42/23 19122 57/22 33/22 10/21 46 
38/23 15/22 52/22 28}/22 4/21 39/21 14 
12/22 48/92 23/21 59/21 33}21 8/20 42 
45/22 20/21 55/21 29/21 3/20 37/20 10 
22 17/21 52/21 26,20 59/20 321/20 5) 19 38 
50/21 23/20 56/20 299/20 11/19 33/19 5 
22/20 55/20 27/19 59/19 30/19 11/18 32 
54120 26/19 57/19 28418 58]18 29117 59 
20 55120 26/19 56/19 97/18 57/98 27117 56/17 26 
20 27/19 57149 27118 56/18 26117 55117 23116 52 
19 59/19 28118 57118 261/17 54117 22/16 50/16 18 
19 30118 58/18 271)17 55117 22116 50)16 17115 44 
9 SUP TS (29117 56417 23116 501.16 17115-43115 10 
Lass Gh OA Cie eh tiGros! Lou teh 44 Pho 10114035 
18 31/17 29116 55/16 20/15 46} 15 11114 36/14 1 
h7 3316 SS 16°23 bs ASP 1d 13 es. 374 PE 2 P13). 26 
i753): 16528 SSG PAa4 ORL WAN Sr 27 118 CAs 
16 S3iehSed7 AS Ae 713 B80 19S 5311946 
16 3415 26] 14 49/14 11413 34/12 56] 12 18} 11 40 
15 32] t4 55/14 17113 39113 O12 22111 44}it 5 
15) 9) 14 23113 45 re 6/12 Q7J11 48)11 &8&)]10 29 
2 S1N 13 Shi 2g 33) ibiesanlt- 13140 34159 54 
13.59/13 20112 40 i. O;}1!1 19110 39] 9 S58] 9 18 
13 Q8fIZ ARIZ Tir 26) LOeseto 4} °9 23) & 42 
12 57} 12 15/11 341/10 53/10 11] 9 29] 8 48] 8 6 
12 25) bb 43 (415-1110 £91 O° 37S 5515812) 7 30 
1) S53] 41 40710 281. 9 451) 9 ©9928 201-7 37) 6.54 
$1,219.10 SB 9 S519 hl | 8 OR 2h ie ioict 16 17 
Eee CN CMe ts ey ati it bk See yall enti amen 0 boy Gos kok i @ Bie Ba 
1016169 32428 48) 68 31 el ADFT G4 iy 5491s FS 
0/444 8750048 044. 729156) 44912 G6 6915-13124 2: 
9.1148 26107) 4046 55156 9 9ir 5 2340 4.37 13 58 
RUAY lw Phas Ole 6 20s O41 4 ASI 4 das 1S 
SG s tee eas ob AGws Jon 423 251 1S 38 
7331.6 46] 5 58].5 111.4 '94/-3 96) 2 49/.2 12 
PLO 6 Pe BAN 48 S7 1 ee dete Sad S33 eb BS 
6.274 5 SOs O04 sa CQINS 41H 8 25 19) 87150 48 
edo) Sed 16 5S BTA Seas ted 4011) BAe as 
Beek: 4 33 AS) 2°69 Slar ct 14t O-s4 
447|\ 8 571.37) 2 181.4 281.0 38. 
414] 3 83} 2 33). 1 43|-0 52) 0 2 
Sragne 2 AD ed, S91. PSAAO AT 
Setams. ASU 9475033 
29 33) 1 41} 0 50 
© WOME OTS [cn sc 
1 26! 0 33 
0 52 
0 19 


‘y SOnnAN 


ES 00 twee 
ss oonna 


a OO'.OS 3.2 
= Se eee 


= galanin Seiad 
a So Sp 


moon © 


. peereicreeas 


aAnots 


MD Go 69 COGN 
clalc on 


ANH MH 


23223): 


pa Piece i 
Ol Gl Gl ot on 


i | MED:-GD,.CN 
anaqacn 


Dig iwee 


6 Oosn eae 
T1D1D @O 


O'S ae 
<t tH 19 19 10 


CG? A.O Gr 00 
oO tot 19 


i erantahirlana Mead 
on toon 


Ch Duan meeee oie + 


STAM eee 


I~ ry OOD 


ey ey i endek” Gea Hea Pina eae allay: ree cal dent 0k pe ane 


eeessf0227E3828 


apie Bah oa 
DOOnn 


tread olaimon 
ee 


Oi 0) .Ie © 
IDO DOOR 


dfn eam 
ID 19 1D OO 


In > too tli co = 0 


ote oc 


mama otst 
ANA aah 


se Hsia 
AA NAN 


ent OM eos nes 


jane 


mae iin 
Aaa nan 


TABLE B.—Sexaqcestmmat ProportionaL TABLE 


252 


| M10 0 O on 
| 


<a me ra rom © 0 st SLR had 9 SOO) tS ee died aL es Sacpsincs temper SS SU Oe MO Se WOMAMAIOMOCAAINKYrCHMHUOIANNEH © 
= . . C oe . . . . e . . . . . . . . 
© ae SS com Aaaaa oon OD st tH fH 15 19 15 OOO OM mr 0 DORR COD KM KIB BR AAAIM MMM} Tt AHIDINIQD/IN HO OY 
ic) en A ce, A cee BO cee ee BO ce ee ee ce ee ee oe oe SS Oe RS LR RS mere et 
i} : anni 
! 
& ~ Beal or, SI0): Se BO M2 K) i edt lid SEADOO fats OF) I oir OOMNDH1O MH OOS minwoomlanvomin|oominw om moo 
In bd . . . . . . . . . . 
8 a ~-oOcoone a aloa am mom ttt 6 IDiDDoOo|SORERr|N OOOO DOAAROIDCOD OA HAIKBAANAAIINM MMM [Ht et tT TWO 
£ | Re i ee ON ee ee ee ee ee oe ee 
& ey violin tt tet daa mI ron pM a a a wwnocns Ce FS DES 56-5. CUNEO DONMNEIHHK MANN DIOCAHOOWH/AMNOKeM Alm wMtOCO 
ae Bl, SOSSOn|R HH AAAAAM M|OM ~ + SHHiHN D/H HOSS ORKRK|RPDDDDIDMRARRICCOO SRK KK |NAAANM 
~~ - St st SS RS Rt pet Rr RS re 
3 ra ASS Boi rat) So. Tho" Rte GO Cat Oe Gat 80 ee Ew AO Ast © OS iespet BOAR | Bo SIR) ret GNP B09. C869 MD Bre Sarat 69 bar tae ee TOE DAH 1M 1D OOO 
=) vai ~ocoscos ey eget aaaad olen om om oD oth tt ot HD 16 19 15 ID 19 OOO Cionnrn I~ 0 DO OAR AQAAaAncl|oorocre- 
<q 
ae Cam i) © Sa See Bow OC hae Aas HORNA S GI ee 6 00 Be et OU NS sr tacts lid We Oper Or: OF 60-162: 9500 net Sealed ~TOOe HITCOMmMASO 
o ~Sssosco yt See aunacde nNaadan monn ot th tt fot 19 19 16 19 19 19 15 Coo oS Dr rrr |Praan AAAnDH 


OE 
tin cc re 0 2ee27eeee2 


eke ae mgm [8m 2 SSS AAA RA |e ot ct 8 [ca 0a 29 08 8c oo on on OD 1OD on on at et lt tt top eras. wmomumool/oooor 
3 m4 CI OD OD HID] By 00 001 O 1 CID OD HID 1 re 100 DO 4 /CIM | xt 19 a pscsetooreck [eknan hole HQ DB 1M OH GI /IED =H IDO | 1 DO 
Ad ieee fey Caen OR | pe on, On| Caliced ean rd ceskl cet. ool ceo ood ona, | bed. we O08 SE- SOLON OCT Gi Goi G1 8 j09 09-09 09 09 on en eon of (aS on ar tt fet ep ttt tt 9 


—ao7o 


6 ret © 


et i Sk git 


DIFFERENCE OF ALTITUDE FOR 1° OF LATITUDE OR DECLINATION. 
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For finding the proportion of Altitude for Miles of Latitude and Declination, to be applied to the 
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TABLE B.—Sexacesmat Proportiona, TABLE 253 


For finding the proportion of Altitude for Miles of Latitude and Declination, to be applied to the 
Altitude taken from Table A. 


DIFFERENCE OF ALTITUDE FOR 1° OF LATITUDE OR DECLINATION. 


31’ | 33° | 35° | 37° | 39" Pail dg! B74) TP AON e1te ean, | mat 
<iit7a oe ae be cae ? ; Se hy, bi seks ERR fei Cap nee 
5 Ga 46 (056 1.) Os fei Oe? O57 O28: |) Oske) 0-9 1280, 0 O20 
0 Pohl oa dee (er be 3 PAs ohsA LiG2e SISGt is 7cesles haat 
Lees 1e95ut O.0y eel ae se Fea POS ee Gee TAG O28 
Fo S931) Bea h866 i BT tah. 9 SOLA eahraeee ea bee ana ad 
Fe eae ca. Pinos Behe 3 4y Lone 76 : 3.9] 4.1} 4:3 | 4.4 14.6] 
SU bb idestee ite. Cleo. 8 45k eae AAS? | CARS ies aie vic 8 aes 
AEP Wad ile dee aG |. 468-be bu SAS | (Sut | eOeOe eset Gata 
Rey diaied 7 |) AGS rd. 2 be Sod bee OelsO20:1, Gibria Okita ee cane 
dey tes Os 9) 5. Ole as 9. 6s out 1625 oe Aad CV al Beas ene Ss caer 
5291 5:51 .6.816.21.6.5 | 6.8 157.2 16 fr ts Bul 89 1) 825 1 Seer 8. Sa 
———— —_- ——- | -————_—_— | —- ———S_ - —_————| 
peta Go tities eh | eeen sh Ltt) Poe a pees oar Lae OO. | Oi aOv4d buses LOL lee 
PCE Gh FeO anes (017 iS 2b RS2 [eS OOO O.4 be 9e8 10.271 106011020 
TT alae. Oe 0 WED Ret teehee RuakOse | £Os6' | tlel dediee iLivoel 
OT ar i Se aes) Glee Oy) | OL Get Oop alee Vik 0. Pe Pied lle9 \old. avila 
ERs Sraie Stoned 319.8 le10.9 1 LOVRih EL. got dtc 8 1 199.994°18<8 1 132 4la88 
SESS Oreo. YP LOCs VOTO LOT Bd eben L2tOclbacor | teens. 6 [lg Lay 
Oot Oe Od) Lek) | 11567) Meee Le casos t1369-1614.5 | 15.0 41o.6 
OO LAU ce L tal lw til Loe 12 Sel Lora ead tides ol 156d | 15:9 1160 
10.5) 11.1] 11.7] 12.4 | 13.0 | 13.6 | 14.3 | 14.9 | 15.5 | 16.2 | 16.8 |17.4 
MeO }11.7412-3)-13:0) 13.7) 14.3 115.0 115.7 | 16.3) 17.0 117.7 118.3 | 
BG SS SO TORT iT La Sk 1 iB 1s a Td. 9 ees. OS 
13.11129.8113.6| 14.3 | 15.0] 15-8] 16.5 | 17.21.1820 | 48.7 ead 120.2 
oes ya hae S| 1560 Aun5.c8 | 1620.1717.3.1,18:0.) 18.8 b9e6. 1 20. Beit 
13.2/14.0]14.8| 15.6 | 16.4 | 17.2 | 18.0 | 18.8 | 19.6 1 20.4 | 21.2 |22.0 
13.8/14.6]15.4] 16.3 | 17.1 | 17.9 | 18.8 | 19.6 | 20.4 | 21.3 | 22.1 |22.9 
14.3/15.2/16.0|] 16.9 | 17.8 | 18.6 | 19.5 | 20.4 | 21.2 | 29.1 | 23.0 |23.8 | 
14.9115.8)16.7) 17.6} 18.5 | 19:4 | 20.3 | 21.2 | 22.1 | 23:0 | 293.9 124.38 | 
15.4/16.3/17.3| 18.2 | 19.1 | 20.1 | 21.0 | 21.9 | 22.9 | 23.8 | 24.7 |25.7 | 
16.0/16.9117.9. 18.9 | 19:8 | 20.8 | 21.8 | 22.7 | 23.7 | 24.7 | 25.6 {26.6 
. : : , 20.5) lea 4 22.6 1523.5 | 84.5 $95.0 1.26.5 127.9) | 
L7 PBI 19st | 8052 1 8t8 fh SatBe) 23.35) 9453. 195.3°) 26.41 2714 os fe I 
17.6|18.7)19.7] 20.8 | 21.9 | 22.9 | 24.0 | 25.1 | 26.1 | 27.2 | 28.3 |29.3 | 
82S AS S304 21.5 4-89-56 | 2327 |. 24585 S50 87, OF 988. 11.99.9130. 
18.7] 19.8] 21.0] 22.1 | 23.2 | 24.4 | 25.5 | 26.6 | 27.8 | 28.9 | 30.0 131.2 | 
19.3] 20.4] 21.6] 22.8 | 23.9 | 25.1 | 26.3 | 27.41 28.6 | 29.8 | 30.9 {32.1 | 
19.8/21.0/22.2] 23.4 28.2 | 29.4 | 30.6 33.0 


22.6|23.9/25.3| 26.7 | 28.0 | 29.4 | 30.8 | 32.1 | 33.5 | 34.9 | 36.2 [37.6 
23.1/24.5/25.9| 27.3 | 28.7 | 80.1 | 31.5 | 32.9 | 34.3 | 35.7 | 37.1 [38.5 
23.7|25.1|26.5| 28.0 | 29.4 | 30.8 | 32.3 | 33.7 | 35.1 | 36.6 | 38.0 [39.4 | 
.7{24.2/25.7| 27.1] 28.6 | 30.1 | 31.5 | 33.0 | 34.5 | 35.9 | 37.4 | 38.9 |40.3 
.8|23.3].24.8|26.3/27.8] 29.3 | 30.8 | 32.3 | 33.8 | 35.3 | 36.8 | 38.3 | 39.8 [41.3 | 
46 | 22.2) 23.8|25.3/26.8/28.4| 29.9 | 31.4 | 33.0 [34.5 | 36.0 | 37.6 | 39.1 | 40.6 j42.2 
47 |22.7/24.3/25.9|27.4/29.0) 30.6 | 32.1 | 33.7 | 35.3 | 36.8 | 38.4 | 40.0 | 41.5 /43.1 
48 |23.2)/24.8/26.4/28.0) 29.6] 31.2 | 32.8 | 34.4 | 36.0 | 37.6 | 39.2 | 40.8 | 42.4 j44.0 | 
49 | 23.7/25.3|27.0/28.6/30.2| 31.9 | 33.5 | 35.1 | 36.8 | 38.4 | 40.0 | 41.7 | 43.3 |44.9 
50 | 24.2|25.8/27.5|29.2/30.8| 32.5 | 34.2 | 35.8 | 37.5 | 39.2 | 40.8 | 42.5 | 44.2 145.8 
51 |24.7/26.4| 28.1) 29.8131.5| 33.2 | 34.9 | 36.6 | 38.3 | 40.0 | 41.7 | 43.4 | 45.1 |46.8 
52 | 25.1|26.9| 28.6] 30.3|32.1| 33.8 | 35.5 | 37.3 | 39.0 | 40.7 | 42.5 | 44.2 | 45.9 |47.7 
53 |25.6/27.4/29.2|30.9/32.7| 34.5 | 36.2 | 38.0 | 39.8 | 41.5 | 43.3 | 45.1 | 46.8 |48.6 
54 | 26.1/27.9/29.7|31.5/33.5| 35.1 | 36.9 | 38.7 | 40.5 | 42.3 | 44.1 | 45.9 | 47.7 /49.5 
55 | 26.6|28.4| 30.3] 32.1|33.9| 35.8 | 37.6 | 39.4 | 41.3 ] 43.1 | 44.9 | 46.8 | 48.6 [50.4 
56 | 27.1|28.9| 30.8] 32.7/34.5/ 36.4 | 38.3 | 40.1 | 42.0 | 43.9 | 45.7 | 47.6 | 49.5 [51.3 
57 |27.6129.5| 31.4) 33.3/35.2) 37.1 | 39.0 | 40.9 | 42.8 | 44.7 | 46.6 | 48.5 | 50.4 [52.3 
58 | 28.0| 30.0] 31.9|33.8/35.8].37.7 | 39.6 | 41.6 | 43.5 | 45.4 | 47.4 | 49.3 | 51.2 153.2 
59 |28.5'30.5/32.5/34.4/36.4| 38.4 | 40.3 | 42.3 | 44.3 | 46.2 | 48.2 | 50.2 | 52.1 [54.1 
60 | 29.0/31.0|33.0/35.0/ 37.0] 39.0 | 41.0 | 43.0 | 45.0 | 47.0 | 49.0 | 51.0 | 53.0 /55.0 
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The Time (in seconds and hundredth parts of seconds) corresponding to a change of the Sun's Altitude of 
1 mile, at 8 o'clock, A. M., or 4 o’clock. P. M., and which may be assumed the same for 20 minutes ; 
that is, 10 minutes either before or after 8, A. M., or 4, P. M. (See Remark at bottom of page 247-) 


DECLINATION AND LATITUDE OF THE SAME NAME. 
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The Time (in seconds and hundredth parts of seconds) corresponding to a change of the Sun’s Altitude of 
1 mile, at 8 o'clock, A. M., or 4 o’cluck. P. M., and which may be assumed the same for 20 minutes; 
that is, 10 minutes either before or after 8, A. M., or 4, P. M. (See Remark at bottom of page 247). 


DECLINATION AND LATITUDE OF DIFFERENT NAMES. 
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EXTRACTS FROM NAUTICAL ALMANAC, FOR 1854. 


TO WORK EXAMPLES OF LATITUDE BY THE MOON, ON PAGES 102, 


semid. Hor. Par. Declination. 
Date Noon. Mid. Noon. Mid. Noon Madd 
"PTT VT AY] a PDE CN ORY ETT SE FS CMAs OE Te es bem 
July Bil 16 0 60 0 Ad 21 218 
Ne Be) 1998 
April 23 0 #82 - | A AA 
So rt 4. 16 0 57 0 0518S 
“95 ODN Ste 
ee rr nes bommew et/ 7 mae perremnranr sy Fort BT 7 oss lemmas or md Seer Fa peer ae ory | PPT NRA 
April 4, 15 0 54 0 26 ON. /26 13 N. 
74 5 
April 1} 15 0 55 0 18 46 N.|20 36 N. 
66 9 
April 12 16 0 59 0 42558 
pot 7278 
FROM LARGE NAUTICAL ALMANAC. 
TO WORK SAME EXAMPLES AS ABOVE. 
Semid. Hor. Par. Declination. Diff. 
Date. Nuon. Mid. Noon. Mid. At 19 h. 10 m. 
Pi Ihe 7 0 QE) tly a re 
Ply 0) 1648 Tih, FAS 6085 L120 6 £842 Sea 
ana 1d Geos 60 32 
Linen ; Atii h. 
April 23 
ou Eee 15 31 56 50 {0 21 16 N.)| 145 
SCD Gre Lent 56 35 
Wie ee OL GAET IL Oak psn 
April 4, 14 49 14 49 | 54 15 54 15 126 9 52N. 9 
6é 5 
Car ates errs Cee Ce Ta CO RET TE RE ee 
April 1H ad Bsn" 1458775503 54 50 |195223N.) 91 
oe 
Z 
Fic TPR ey 7 eR CYT Caer er met ees ee ge At 18 h. TS MOTE ER 
April 12 4 4012 S|} 152 


103. 
Equation Meridian, 
Of Time ~ Passages i 

h. m. 

— 5m.]| 13 58 
14 56 

21 59 

22 43 

+ 2m. 

— 3m.| 5 30 
6 21 

—4m.j 3 8 
3 51 

Ded Be Re 5 

— 1m.]| 12 42 
Equation Meridian, 
of Time, Passage. 
m.s.{ h. m. 
— 5 7| 13 58 
14 56 

h. m. 

21 59 

+ 1 57} 22 438 
— 36 30 
6 21 

— 40 3 4 
3 $1 

— 0 50] 11 54 
12 438 


TO WORK EXAMPLES OF LATITUDE BY PLANETS, ON PAGE 105. 


Date. 
January 1 
6c 2 


’ Names. 


Meridian Passage. 
ho 7m: 
3 15 


Declination. 
° ? 

Ber wo. 
12 40 S. 


Kquation, 


———_— 
te re | a 


February 1 
“cc 


2 = 


Jupiter. 
66 


Saturn. 
“es 


a 


Sod rere = 


- TO WORK EXAMPLES OF LATITUDE BY STARS, PAGES 107, 108. 


Date. Names. a otian Pasta _Declination 
February 27 -Aldebaran 5 48 216 1a pNe 
February 28} - Antares 17 36 20555 os 
March 21 Sirius 6 34 1G ste 
March 26 Vega 18 12 38 39 N 
May 1| © Vega 15 59 88 39 N. 

June 21} Cross-Foot Star 6 21 622ahie. S 
April 1 Castor 6 43 S2eL Gems 


TO WORK LATITUDE BY POLAR STAR, PAGE 109. 


Date, Meridian Passage. Right Ascension, | Declination. Equation. 
haan h. m. Sin, hes 
July 1 18 26 88 32 N. 
July 20 17+ 9 88 382 N. 
January 20 20 9 
m. 
February 10 21 36 — 15 
TO WORK EXAMPLES OF TIME BY MOON, PAGE 133. 
Semi-| Hor. Right Aecension. Declination. Equation of Dif. Sun’s Right Di 
Date, | Diam.| Par. | __ Noon. Mid. ES es EE ae Time. Th. Ascension. _|1_b. 
fae" eh? mas. phy ims ae 4 ois mies hieinsiete 


TO WORK EXAMPLES OF TIME BY PLANETS, PAGE 135. 


Date. Right Ascen. Declination. Equation. Diff. 1h, Sun’s R, A. Diff. 1h. 
hems. oa iis Gs; 8. h, m. s. 8. 
April 6 YIM Bits! 6 7S. 2 30.50 7125 10 18 9 


— | | | | 


December 5| 19 57 13 21 15S.| 9 12.48. 1.049 16 46 36 11 
oe 6} 19 58 4 


TO WORK EXAMPLES OF TIME BY STARS, ON PAGE 137. 


Date. Right Ascen. Declination. Equation. Ditf. 1h. Sun’s R. A. 3 Diff. 1 h. 
h. m. 8. ee Dies, h. m. s. 8. 
February 9} 6 38 43 | 16 31S. 14 31.61 .39 21 31 34 10 
Te itt.a A, 
May 12] 16 20 24 | 26 68%. 3 52.34 .53 3.15 50 10 


CPt er 
PE hab vm 


ie 
a 


<- 


ye 


gee 


eT ub & 
leptin iA 
ial 


. 


Poe | 


ard 


ee. i 


i a 
a 
f 


it oa: a 


at 
Te ia 
my 


CUR ek 


16 eee 


‘ y ees . 
aad Paps 
rt Oa 


Pit 
sy) 
Mo 


is 
nae 


as 
DUR VE 

re } 

fh) ry Le’ 
ids eo 


tee 


ie 
Wie’ nA 


eg. 


TOON 


6234 001 16491 5 


ri, naa sh. 


